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1.1 A lightning bolt carrying 30,000 A lasts for 50 micro¬ 
seconds. If the lightning strikes an airplane flying at 
20,000 feet, what is the charge deposited on the plane? 


SOLUTION: 

1 = 3o ) ooo A , = 50yccs 

J At 

ooo (sqjjS) 

<Q. 1*5 c 


# 
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1.2 If a 12-V battery delivers 100 J in 5 s, find (a) the amount 
of charge delivered and (b) the current produced. 


SOLUTION: 


V- 12-V , AW =* looJuA 5s 

a) A 6( = AH. = loo 
V 12 

= a-33 c 

t>) I = AA- - £-33 

1 = 
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1.3 The current in a conductor is 3.5 A. How many coulombs of charge 
pass any point in a time interval of 2.5 min? 


Solution: 

1.3 Ab = 2-5-- isos 




# 
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1.4 If 90 C of charge pass through an electric conductor in 30 seconds, 
determine the current in the conductor. 


Solution: 


1-4 £ - °[Oc Ah = SOS 

1 =■ qo 

J ~ 3 A 

&b 30 

^-"" 


# 
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1.5 Determine the number of coulombs of charge produced by 
a 12-A battery charger in an hour. 


SOLUTION: 


Is 12- A ? Afc — — £Orr\\r\ 

At = 36 0 0 s 

(Q - I At =r 12 .( 3600 ) 


# 
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1.6 Five coulombs of charge pass through the element in Fig. PI.6 from 
point A to point B. If the energy absorbed by the element is 150 J, 
determine the voltage across the element. 



Vi 


Figure PI.6 


Solution: 



J- 

Con v '^^ln'o^\‘. W ^ 6? 



V=- W V =-3.ov 
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1.7 The charge entering an element is shown in Fig. P1.7 
Find the current in the element in the time interval 
0 ££ / ^ 0.5 s. | Hint: The equation for qit) is 
</(/) - I + (1/0.5)/, i ^ 0.) 


</(C) 



0 0.5 



Figure PI.7 


SOLUTION: 


o^Lt) * ±+« 2 .fc > 4 o-'Ss 

-7 (■*) - d ^Lt) 


oit 


X (-O = aA } 0 6 -t « °‘ 5s 
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1.8 T he current that enters an element is shown in 
Fig. PI.8. Find the charge that enters the element 
in the time interval 0 < t < 20 s. 



# 


SOLUTION: 

jitt) s. rr>i £ -t 6 

no. « fOr 1-0 . = -i. 
lo-zo 

+ = - £ + b 

to = - lo-t-b 
b=. 2.0 
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1.9 The charge entering the positive terminal of an element is 
q(t) — —M)e 41 mC. If the voltage across the element is 
120e 2j V, determine the energy delivered to the element 
in the time interval 0 < / < 50 ms. 


SOLUTION: 



Xit) - cL<Ltt) 


oit 


lit) = izoer^mf^ 



u 




U4 - G2Z‘ 04-mJ 
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1.10 The charge entering the positive terminal of an element is 
given by the expression </(/) = —\2e~ 2i mC. The power 
delivered to the element is p(t) — 2.4e“* W. Compute 
the current in the element, the voltage across the element, 
and the energy delivered to the element in the time 
interval 0 < / < 100 ms. 


SOLUTION: 



ait) - -12 c 


pit) = 2- ? W 

Ut) » AlCtl 

olt 

Ut) = 2C-12)c-* ^ 
lit) =24- mf\ 



W a 20? . 35 rr,J 

V(t) = Pltl 

at) 

V(.t) = 2.he.' 3t 


V Ik ) = loo e' 6- 'J 
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1.11 The voltage across an element is 1 2e~ 2 ' V. The current 
entering the positive terminal of the element is 2e~ 2 ' A. 
Find the energy absorbed by the element in 1.5 s starting 
from / = 0. 


SOLUTION: 

VU) = 1Z c' 2t V 
.at) = 

W* ? } 0-i-5s 

W = r tx N/c’ dfc 

-'tl 
J o 

W * J," 5 cit 

W „ _£iisr"* l 1 ' 5 

-4 J D 

ift 11-5 s -*i(o) 

■J o 


w = s. J 
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1.12 The waveform for the current flowing into a circuit 

element is shown in Fig. Pi.12. Calculate the amount of 
charge which enters the element between (a) 0 and 3 sec¬ 
onds, (b) 1 and 5 seconds, and (c) 0 and 6 seconds. 



SOLUTION: 


# 


let* 


^ it) s 2 L*) cLx 

OO 

fit) - J 3 1 (a) otx 

i + j 3 - 

o ^2. 

lit) = i.5xj 2 + - xj 3 

lit) = 1. 5 0) + ['(-3) -\-i.)l 
lit) = 3-3-rz = 20 J 

b) XO) oLx 

l- 5 cL* + J * - 1. ct.X 
qit) = i-5xj* + (,-x)l S 
lit) . [l- 5(i) -!■ S(i)J t[-S'-(-*)J 

lit) . i. 5 - 5tl . 50 
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jL (*) cU 


cjLt) r 1 >5cLx+^j-ioL* + ( Z&x 

Cjit) * i- 5 (-* )J 5 + .2* 7 6 


9U) = 1-5 (=0 T C-S-t-*)] t [zC6)-2.(5)J 
L vit) - 3 - 3 + 11-10 

- JEC 
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1.13 The current flowing into a box is given by the waveform shown in Fig. PI. 13. Calculate 
the following quantities: (a) the amount of charge w hich has entered the box at 
/ = 1 s, / = 3 s, and / = 4.5 s, (b) the power absorbed by the box at / = Is, 2.5 s, 

4.5 s, and 5.5 s and (c) the amount of energy absorbed by the box between 0 and 6 s. 


# 




Figure PI. 13. 


SOLUTION: 


o^t) = J < A 00 cU 
<£d t ) = (' 2.dix = Z-t J 1 s ZC 

<^ 0 ) = ZC 

Cjit) = J 1 ZcLx + j " 6 _ i ctx 

jr a-xj 

= a-t [-* + 

+ 4 

^63) , 1C 

^ o s; = 20; + 2 -d-i; 

£3 (4-5) 9 OC 
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is 

V(t). 1(b) - 2*2 zM 
Air -fcs 2> 5$ 

(t) ^ 2* (pOhJfcV -u OiVtn OuJrkyhU 

J J bo*) 

Ab ts 4»5jf 

a(*)s 0 Pow^s. Okl 

Art b = 5' 55 

vc*)- J-M- i‘l> an 
x) w f v(*) -!Ct) dt 

J l 

w * [ a O) dt ■+ f ' 2-C-i) cZ.t 
J 0 . 

+ J 6 <** 


UJ • 

4-tr 7* ~ 



0 

Jj, J 5 

N a 

.> 

i 

r-j 

V 

*—j 

4 2. O -5j 

kl = 

A- ^4 

2 = 2.T 
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1.14 The charge flowing into the box is shown in the graph in Fig. P 1.14. Sketch the power 
absorbed by the box. 




Figure P1.14 


# 


SOLUTION: 

p(t) - VC£) dU) 

st ( £) - djfJjih 
dt 


c££) - m, £ + k>i 

m, * _£lQ. sr 2 

ho 

q(£) » 2(t)+-h>i 

b, « 0 
= at , 

fit) * 2 ‘ ‘ ‘ 

t Ct) = 


■Ut $3 


m, + b 


™2 = -Q=|. = -*/3 

O 


a(t) - ->\i t + 

0= - 2/3 (6) + tj. 

£*= 4 

o(t) = -J/3t +4, 3 $ t < 6 
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Ut) - 


pet) ^ 


(2f\ 

0 4 i 

j OA 

l^t 

L :^a 

3 < t & 6 

jA w 

, 0 ^ t^is 

0 N 

> i ^ M Bs 

-3 w 

3 

^ 3s $ t ^ 6s 
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1.15 The charge that enters a BOX is shown in Fig. PI. 15.Calculate and sketch the current flowing into and the power 
absorbed by the BOX between 0 and 9 milliseconds. Also calculate the energy absorbed by the BOX between 0 and 
9 milliseconds. 




Figure PI.15 


SOLUTION: 

i(t). £$,(.*) 


Cfit) =2, 04 fc 4 2ms 
m a -JLi 3 -... =. '-§• = -3 

3-2 ± 


cjit) =r mit) •+ b 
c^tt) - - + b 

2 * - 30) 
b= 8 

4(.t) » -3fc i 8 , 

<P> = "A , 

^ mfe + b 

nr, - 1 

fc-5 


2ms ^ t 4 3 ms 
3mS $ t 5roS 


r i 


lit) r 
2 s 8+ b 

b = - 6 
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G^Lt) - fc-6 ^ 5ms ^ t ^ 8ms 

Cfit) « 2., <3 ms {t £ 9ms 


# 



p(t) * 
ptt) * 


w6t) 


vtt) lit) 
0 w 

— ?2 W 

\ 0 W 


*> 

) 


O fc ^ 2ms 
2ms ^ t ^ 3ms 
3mS ^ 5mS 


1^,2A W ; 5ms 

V KO dt 

J 


$ t ^ Snr>3 


^ 0+('7*-)x I ft) -t Atf X 3 » OJ 
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1.16 Determine the amount of power absorbed or supplied by the element in 
Fig. PI. 16 if 

(a) V, = 5 V and I = 6 A. 

(b) V, = 5 V and I = -7 A. 

(c) V, =-14 VandI = 6A. 

(d) V, =-14 VandI = -7 A. 





Figure PI.16 


Vi 5" V - 


Solution: 

l . I 6 a) - i - - • > 

p^ssiv'e- j 

P - ^ t iV* povocu- . 

p a V, X s=. 5 c&) - al>se>^io<zci 

^ P ^ 3pV\j g^lojtnrleieJn 



V, ^ 5V, r. »-7A 



P =, sC-T") --35VJ 

[>, 3,5 K/ 


V, = -M, 1 


--—j 

P» -glfVJ 

| p. w 


V, - -iifV, 1 = -7A 



?= =|8W 

p^ w 
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1.17 Determine the missing quantity in the circuits in 
Fig. Pi.17. 



(a) (b) 

Figure P 1.17 


SOLUTION: 

t) I .- 1 s _ 4 a 

V 6 

L) P« VI = (-a )00 = -iAw 
P* 2.4 W 
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# 


1.18 Repeat Problem 1.17 for the circuits in Fig. Pi.18. 



(a) (b) 


Figure P 1.18 

SOLUTION: 

ft) P \ZZ 
P = 46-3) 

P= -I2.W 

12. M 

k) P* -6(r4) 

P« «2.4 W frbo&tsbf-oL' 
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1.19 Determine the power supplied to the elements in 
Fig. Pi.19. 



Figure P 1.19 


SOLUTION: 

P, = v, x = = aw 

p a - Va.I = &(*>- 32W 
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1.20 Determine the power supplied to the elements in 
Fig. P1.20. 



SOLUTION: 

P, = V, I = 4(V) = aw 

P* = 4x = (.-6)0) 

P 2 = -tew 
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1.21 (a) In Fig. PI .21 (a), Pj = 42 W. How much power is element 2 

absorbing? 

(b) In Fig. PI .21 (b), P 2 = -72 W. How much power is 
element 1 absorbing? 



14 V 


6 V 



5 V 
+ 

+ 

18V 


# 


Solution: 

f. 2.1 cC) P, =. 4 2-W . 


V, 1 


i 


63 p* 5s,ve - fy* 

Covwewjb'tfvt ? /VJnCfl. ^1 ,/?> po&tkva.j 
(kx&Jty&ATA . 

V t l V,Z X- = <Vv. ^ 4 Vt*f =sA 

X ^ 3 A 

Poa. -©(^rneAAir 2.^ olaacI H a/ve ^ 





)4V 

&V 


AV 


r 


V^Z = 6 CO ^ w 


^ ! ? K/ ex.)o toy'll &£>{ 



, cc^ve.*^^ M fa 

Aafiu&. C.VCfi ^T/ 

1 g ho^h . 


W) Pa. - - t*- 2 W. f?tJ\gsiV£- 

' ^ A.&jvuA,\r * £iv\Cfi 

r V 5V f?pu/eA ^ . 

r , z , V <w £ *«- ^ 

p3/v e-lejn^Wt 1 , I / / \A p - \/ r ^ sr^ 

<S<7VAV/e^n'<yvo . PpM4\ 1 » " J ^ 2-c? w 

| P t - SoW 
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1.22 Two elements are connected in series, as shown in 
Fig.P 1 .22 Element 1 supplies 24 W of power. Is 
element 2 absorbing or supplying power, and how 
much? 



Figure P 1.22 


SOLUTION: 



^1 

i= Ah. 

6 

Is 4 a 
Pj. = x 
K = 614 ) 

P^_ - 32. W &bo£nbteL. 
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1 23 Two elements are connected in series, as shown in 
Fig.P 1.23. Element I supplies 24 W of power. Is 
element 2 absorbing or supplying power, and 
how much? 



SOLUTION: 

P (= 24 W 

x - A - At 

3 

I* 8a 

P z = I = 6(3) 
# ^2 - 48 
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1.24 


Two elements are connected in series, as shown in Fig. P 1.24. Element 
1 absorbs 45 W of power. Is element 2 absorbing or supplying power, 
and how much? 



Figure PI.24 


# 


Solution: 


|. *4- 1_ cJoAo-'ls 4-5 W. Foa- 





v + 


e 

2 


15 V 

5V 


X mvvsh A* 

SUtOVS ^ ^ 




X = ?« -= 4^ c3A 


ir 


PoA- eJ.e.Wlfcwk' X j 

/V^v\ to v\veAA^rt«rv) . 

'i 

1- 


x = 3 A 

T <W\jfc ie£r*r>*s( Ath'vZ, 


Powca- & 

?. = V. I * 


•p , 15 - VJ /6 l ^p|>X*W 
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1 ?5 Choose /, such that the power absorbed by element 2 in 
Fig. P 1.25 is 7 W. 


4 V 



SOLUTION: 

= ^ 2 . Is 



I* = 3* 5A 
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1.26 Determine the power that is absorbed or supplied by the 
circuit elements in Fig. P 1.26. 

10V 


6 V 


24 V 



(a) 


(b) 


Figure P 1.26 


SOLUTION: 

P - - 4 &W 

P, = iO(i) - 20 iaJ aha&U&A, 

- 1A(>) = 2&UJ akywUzJjoL* 

b) P |av =: -I8W 

- )8 uJ /dMj>j^ti 0 <zJL 

Pi _ 6(1) - & W ahy 

P.w - I 2 (i) =• !2 kl 
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1.27 Find the ix>wer that is absorbed or supplied by the circuit elements 

lit Fig. Pi. 27. 



Figure P 1.27 


SOLUTION: 

o) ? 2Pi = -wW 

P 2A = ~ 40M 

Pj - &C 2 ) * 12 H aJoc^^iA, 

P »4V = I4(>) = 2.& U) 

t>) P^ A = I6/-4) = - 64 W 

- S4 (aJ tct, 

Pj - & (4) - 32 W <xb^Q*h&- 

=■ 32 W 
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1.28 Determine the power that is absorbed or supplied by the circuit elements 
in Fig. PI.28. 


(a) Power 

(b) Power 

(c) Power 

(d) Power 

(e) Power 

(f) Power 

(g) Power 


of element 1 
of element 2 
of element 3 
of element 1 
of element 2 
of element 3 
of element 4 


at figure (a), 
at figure (a), 
at figure (a), 
at figure (b). 
at figure (b). 
at figure (b). 
at figure (b). 


# 



Figure PI.28 


Solution: • 
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CXfUL fa- f«-9Sfv'e. JrfcjY) , 

PowC-A- ^ dcL^z^Jr <L .-vo 

R - - V, i* - -z - -AW 


Pi £ - 4 W 


Vv Lb&y£- Ck*rJ(: Cj^y-YfiA^h 'fv y ' -€.\e.\r^e.\^Jr 2. m ^0 
tftrifl. jVx fte. />*M'VC 

Poi*>£/\ A^^JUjzA £-ie-*v\Q*^ 2. 1/1 ^ 

Pa. = - C XT 0 - W * " &W 

j"Pa. - - ?W 

c) ft* -e/tme^t 3 f« 6^. O) ' / ‘ > "~* - 31 

V*o CKcJh^^. Cot^Y'e^A^ieyyi . 

Po^>Qa ^^pJh'e~et <by ■eJe^a^J- 3 /<o Pi'^ fa'') £s 
P 3 = (o X x =■ £ O-) c- l 2- Wl 


HI 


l W /> 




V X ^ ,'v-) /£i £><*SSiVe. 

CjD AV r £M/^fVe > ' v "l rjvA.. X t y\ /i’^ • . 

PobO^A A^j?i>,L‘£-A &)ejrv\&AAJr X ,l/ "\ 00 ^ 


P. - - V, 1 


l -*-*'= — 




P| — —%lj.\rJ | 
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e) V cu^ z OJXJ 2 - c\*fa**4 p*ZSf L/C 


Co cry) fa A -G-\eJnssQ-^d^ X in (ffej), 

PocJev -fe<j ^' (fa) ^ 




p x = -V^I* - - I*t 0 ) = -m-w 


?2_ ~ - / 4 -W 


-0 V oa- 4 X a^e. rn t\ch'^ Jrifj* 

Cx>nV&*Jk?'o ryi A. 

Powfin. A^pL'zA -eiunn*** 3 (V) w 

P 5 ^ ( 4 -X*) 1 * - 4 W 


P3 ~ 4- Wj 


0) \/ euvxs/ X a/LC. l v > ItOz CKxJ-iv'e^ 

C^v\ve^Jtr\ <yv) rfi>/\ ^e^e^U- If ,r) ' C*>). 

Pooj^ ei^m^h f ^ 

Pa - 3^C 2 0 " 3 ^ W / * K f,? M *4 


P' =- 3 4 - W 




Chapter 1: Basic Electric Circuit Concepts. 


Problem 1.28 


ChapterOI .indd 34 


12/4/08 3 












Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


1.29 Compute the power that is absorbed or supplied by the 
elements in the network in Fig. P 1.29. 



Figure P 1.29 


SOLUTION: 

- 36(A) = -i44W 
^36v = i A A W 

P| - L2C4) - 4s Kl tXtyy&y&B-oL 

?•)_ - ZA/i) = 4S <2bc&\JzAc>L 

?M A * (-!*)(*) = -&KJ 

P| -a & ^ tcL> 

Pa, = 2&(?’) = 5G W 


Chapter 1: Basic Electric Circuit Concepts. 


& 




Problem 1.29 


ChapterOI .indd 35 


12/4/08 3:55:30 PM 










Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


# 


1.30 Calculate the power absorbed by each element in the 
circuit in Fig. Pi. 30. 



/ x = 2 A 


Figure P 1.30 


SOLUTION: 

P|2.V = ~ ■» - JaJ 

, M-M) . TT W 

= 


? x = - = - 12 W 


Rj s ^(■ i ) = Ski cdyy&i-tz.jzoL 
hw * - 2 oO) --Aon 

fzov - A^U°eol 


fj * ^00 s l& Id qJogj(M>*0L 

Kcl *. 6-t2 t Al x 

I* = 

- 4 i a 00 

PtfX k * 40)0^) 

P-<Xx> I2£ W 


Chapter 1: Basic Electric Circuit Concepts. 
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1.31 Find V v in the network in Fig. P 1.31 using Tellegen’s theorem. 

16V 



Figure P'1.31 

SOLUTION: 

= I 2.(2.) — W <aJb 

P z - V* ( 2 ) _ 2^x aJoa&Ux*ioC 

s 16(2) - ^2 -IaJ 
^6V * Gfi) _ |2 H AboMba&L 


p JI(V = = - 4 a w 

» 48 w xtu bhtfzJu 



A3 -t 36 = -2-A i-2.V x + 32 


Chapter 1: Basic Electric Circuit Concepts. 
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1.32 Find V x in the network in Fig. PI.32. 


5 V 



12V 


Figure PI. 32 


Solution: 

[ 3 2- PasSiV^. Cov^v'a^t/vA'o'V) ; £/erv?e>v£-s b ^ S 

fae. 5V Aou^ctL. 

kchvL. ^'n co*)ve**b'** • te, 

Poi^>eA P a iv + P|2-v ^ +* + ^v 

ilLt m - 122 + 

3 3> = 3> 4 + V x 

[ yT »~- 1V _ J 


Chapter 1: Basic Electric Circuit Concepts. 
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1.33 Find V % in the network in Fig. PI.33 using Tellegen\s theorem. 



SOLUTION: 


P&V -t Pv x S- P| + ^ T Pl| 


P,_ 2(x) s 4 U1 ahoj&J&LcL 

P i= 4(6) - 

P 5 * 8(4)- 32 W 

Pij - £(30 s 

P^V — ^ 6 “^) a — 12 t*J 

P^V= \2wi Aua^^U'^oL 

=, P, r Pi + P 3 A 

I2.+ P vx = 4 + 2Hi- 32 + ii, 

fV * _ 

Pvx = 4 Vx 

12 -t^N/x = 32 4 

V A = 18 V 


Chapter 1: Basic Electric Circuit Concepts. 
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1.34 Find I x in the circuit in Fig. P1.34. 



Solution: 

i. 



P, ' V, T f =. If- Cl-') =- 2-8- w cAotorf 

~ V^Xx = I ^ X x 
p^ t= X-x - ^ X x obtovLeJ 

p ilfV/ =.**1, = 

>Aa'£-4 


P M = '*<» = ** W 

- ‘PpoJeA, cdoArfh&A 


? <2 y = /a Ix 


RdoJ€>\ 

P^V + P* A f P.*v - P ' ^ f V + P * + P * 

1 2- X x = 14 Sr 



Chapter 1: Basic Electric Circuit Concepts. 


<§> 


Problem 1.34 


ChapterOI .indd 40 


12/4/08 





























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


1.35 Is the source V; in the network in Fig. PI. 35 absorbing 
or supplying power, and how much? 



SOLUTION: 

Fj 0V = 10 (JO = 3ow ah o&aJzaxL 

f 6v _ 6 (J0= [4 (xJhrtJ^hfA, 

? % „ 16 H) - -144 W 
P<?A = i^KJ 
Pfs - V s (6) ^ 

# Pg v s. s 

Jou^ev Am^U zat - Po^otv abo^J^oL 
=• f?ov -f -f Pgv 

•^ = 3o -*■ J.& -+ G\J S + 42, 

i't'tc 96+ SVs 

2^ = |6+V S 

V Sa , 8V 

R/s = 8C6) sr ^3 kj abvobbi&b 


Chapter 1: Basic Electric Circuit Concepts. 
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1.36 Find V' in the network in Fig. P1.36 using Tellegen's 
theorem. 


♦ I 

r 



■ 2 

12 V f 

j 




^ Ib 

4 * 

4 * 




24 

| 24 

^ 4 A 

4 

12 vr 


M A 



1*1 

L 





Figure P 1.36 


SOLUTION: 

Pj & J.2(.^) ” (2-Kl 

12 Li) - 12 W 

? 1 _ 24 O) =- 24 W 

A " !a! s;Lv^>j>U 0 <J»L' 

~ 1 € ( 2-) ss 32 K\ 

P H ft V x - O-Vx 

Jc^ot/v €joI = facOfcv 

^4A — P| V -V ^2. + ^5 -t 

16 =. 12-t lx 4-2-4-t 32 -t 2 \/* 

V A = SV 


Chapter 1: Basic Electric Circuit Concepts. 
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1.37 Find /„ in the network in Fig. PI. 37 using Teilegen’s 
theorem. 


8 V 



Figure P 1.37 


SOLUTION: 

P,„ v = ^K) = -i<*w 

P 2L(V = 1*14 H 

P| _ 8(s) - 

- 10(A) - Aom aba4£^Mju >l 
P s s 6I 0 AfeSO 
P4 s i6(*) ^ 32 K) 

P5- =. 6U)s £ K\ oJb£ 6 /Jo£oL 

?( } - % A Kl 

Pqi* = ^I*(r3) s -12.(2.) = -2 Ak| 

P4X X = 

Facoe/w Au^f>j>tuu>t * Pocoe^ cl b^?VbAx>(, 

^ ^ -f * P| -v- P* *t ^3-r Pty t P5r t ^ 

2A* ^8+ ^o-F€>I 0 -+ 32 -t 6 -r 2 L^ 

x 0 = 3A 


Chapter 1: Basic Electric Circuit Concepts. 
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1.38 Find V x in the network in Fig. P1.38. 



Figure P 1.38 


Solution: 1-3? 


Reusesivfi Aiavt covwtrrHcm eiewiento 1 5 2^3^^ Vx 



p,= 

V.X, * ICO -- 

14 l\l <a.loSovloedP 

Px- 

Vilx« 40*) = 

16 W oJosovloed 

P&* 

V 3 Ix= *0*) 

- & VO c\losovio<4 

CV- 

VmIh = *0) 

= 2 VO cxlosorVieJ} 

V 

* Vxl 3 = 3 V 

* cx\osov\o<d 

P 2 XV 

. = 2ll| = 

22 (*.) 


- 

44 VO AULpp£te^ 

fV 

= Vs- Xs - - 

7 VO 

P 2.1 

X - S’ 1 * 1 * 

= 1 4 VO Au.pp’tied 


P/,ULpp£ieci Pat>s<rrWd 

P 21 V + Ps- + P, + P 2 + P 3 + P H + fVx 

-t- 7 + (4 ^ m + 16 + 8 + 2 + 3\^ 

2 i = 3 v x = q v 1 


Chapter 1: Basic Electric Circuit Concepts. 
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2.1 Determine the current and power dissipated in the 
resistors in Fig. P2.1. 


Figure P2.1 



SOLUTION: 



T = 3A 

’ IX <2>) 

TV. - W 

'Ru ■ XX-Csftz) 

- 14W 


Chapter 2: Analysis of Resistive Circuits 
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2.2 Determine the voltage across the resistor in Fig. P2.2 and 
the power dissipated. 


Figure P2.2 



12 a 


SOLUTION: 


\ - LR 

V* * *24v 

TV * * 2\a~) 

TV * 4%V4 


Chapter 2: Analysis of Resistive Circuits 


& 
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2.3 Given the circuit m Fig. P2.3, find the voltage across each 
resistor and the power dissipated in each. 


Figure P2.3 



0.25 


S 


SOLUTION: 




Vfci = I'Ri 


Vn = aid = 50 V 


= IR*. * &00 * 2h V 




Chapter 2: Analysis of Resistive Circuits 
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2.4 In the network in Fig, P2.4, the power absorbed by R x is 
20 mW. Find /? r . 


Figure P2.4 



Rr 


SOLUTION: 

= 20mW 

=I 2 % 

_ Tux. . ZQm-, _ 20*l» ? . 2.0 x io"’*’ 

" I 1 (2 fO (jy axid" 4, 

^ = 5*. a 


Chapter 2: Analysis of Resistive Circuits 
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2.5 In the network in the accompanying Figure, the power absorbed by G x is 60 mW, Find 
G*. 



Solution: 2* 6” 

Pcj = 6 0 ™ U) j ^ 

Pq = £,1* 

6o x id” 3 = __L I 1 

=> c. = ( 21xi0 ~ 3 ) > ~ 

60 X 10-* 

r- 
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2.6 A model for a standard two D-cell flashlight is shown in 
Fig. P2.6. Find the power dissipated in the lamp. 


Figure P2.6 



SOLUTION: 


v 

1 =^ 


1 = 





- 3*0) 



Chapter 2: Analysis of Resistive Circuits 
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2.7 An automobile uses two halogen headlights connected as 
sfiown in Fig. P2.7. Determine the power supplied by the 
hattery if each headlight draws 3 A of current 



Figure P2.7 


SOLUTION: 

I - 1, +!,*£>* 
V VI - '2.tt) 
?, 2 v = 72 H 


Chapter 2: Analysis of Resistive Circuits 
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2.8 Many years ago a string of Christmas tree lights was man¬ 
ufactured in the form shown in Fig. P2.8a. Today the 
lights are manufactured as shown in Fig. P2.8b. is there a 
good reason for this change? 



(b) 

Figure P2.8 


SOLUTION: 


WW thjuz. 

ikown. 


£Xb 


\X\. 


Lt^kJtb 

FVjUKa. 2.8a, 
■^odUoifi. hlU, CoiAifi- cJX 


OXSL U\ AJtXlZk 

o^ejtA caXcauF biJJb 

% 


buXbi \p -Iukjk 


Cru> cwtA&kb" 


31 -tW WLte-t. CjOv\vsi.cU^ lv\ pa**JLJUJl aJaovsSK t w 

ftau>t£. 2 . 8 b, Om- OttAV CjJiCult \^Xio IcuUa^a Kill CmIu 
(JSjLlC- O^JL- bw-Md *tb "tuLKAA, 2&L . "\Wj 2^ bjuAAft*. vnjtL 

dovwvellU^ ua . 


4tt')jL ^aCMq^ a. 
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2.9 Find h in die network in Fig, P2.9. 


! < 

■-w- 

^20 mA j 

-** -. 

S mA 

* 3 

’A 


4 mA 


Figure P2.9 


SOLUTION: 

KCL TAodi - ' ^TA *VAky\ 

I* * A 

KCL oJl ivuxijt A ■ I, + li r 20m 

T\ ' 2CW ”^ Om 
"X 4 = I Ota A 


Chapter 2: Analysis of Resistive Circuits 
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2.10 Find I t in ilie network in Rg. P2.10 



Figure P2.10 


SOLUTION: 

Kc L oX taoXl .1* r (o 

. I, --W* 


# 


Chapter 2: Analysis of Resistive Circuits 
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2.11 Find and I 2 la the circuit in Fig. P2.ll. 


h h 



SOLUTION: 




Kcl at 

nx>cU. A *. 

T, - Arm -+- 3m 

x, - 




1,=. 1 


\<Cl aJc 

rvooU. B *. 

%rt\ - 2m -t 




T s 6mA 
*- 


Chapter 2: Analysis of Resistive Circuits 
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2.12 Find L in the circuit io Fig. P2.12. 



Figure P2.12 


SOLUTION: 


# 



l<Cl QJc rubcU, 8 T v. 1 2.m 4m 

ol ~ 

Iq_ - “8mA 

kcu oJc KocU. A : 2m - W* 

J-i =■ 1.0m A 


Chapter 2: Analysis of Resistive Circuits 
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2.13 Find l, in the circuit in Fig. P2.13. 



SOLUTION: 

KCL ‘ I* t \Orw = 51* + 

AI X - ^Trt. 

Iv * 2mA 


# 


Chapter 2: Analysis of Resistive Circuits 
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2.14 Dete rmine / £ in the circuit in Fig; P2.14. 



SOLUTION: 

fctrv* Ofr t 5jx + +lr + I u 

^ 41 y + I L - %ra 

I, ~ "2jt Xl r 

+ 3K “ 

V-H2.V tzv - \% 

15V * IS 

tJ W 

V s1 T6 v 

T i3* . 

I u e (5tW0 

lu* 0.4mA 


Chapter 2: Analysis of Resistive Circuits 
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2.15 Find (a) / 0 and (b) /i in the circuit in the Figure. 



Solution: 2*15" 


x 



KC.L : Cu>Ye-»ti eYtter + Cuvvcwto exit - 
KC.U aJc X t 

— X x “ C 
^ I x - IwA 


ICC L exfc y : 
X, + Xy + 
=> 


-3 

IX 15 - 


-1 

l X 10 



0 


KCL ext 
Xo 



^ X 10 c o 

x D 


Chapter 2: Analysis of Resistive Circuits 
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2.16 Find / yt and /. in ihe network in Fig. P2.16. 



SOLUTION: 

KC L at A - 1Z rtf = Sm "t i-x 

I* * Sm A 

KC.L oXh Iz + W -2m 

Xz. ' “2mA 

KCA- oJtC ' 12™+ Xt Iz.= D 

X'f = Zrv\ " 12 ty\ 

X> - -IDm A 


Chapter 2: Analysis of Resistive Circuits 
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2.17 Find V M in the circuit in Fig. P2.17. 



Figure P2.17 


SOLUTION: 

VbJ * V bc + VcJ 


Chapter 2: Analysis of Resistive Circuits 
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2.18 Find in the network in Fig. P2.18. 


a b c 



SOLUTION: 

Mai +5 + 2. - \2- 
VaJ - 7V 


# 


% 


Chapter 2: Analysis of Resistive Circuits 
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2.19 Find Vft, and V ti in the circuit in Fig. P2.19. 



Figure P2.19 


SOLUTION: 

Vf fc -V I 


% = 

KVU accte. ^ 

Vtc. -t * 0 

Vet, = -C.V 


Chapter 2: Analysis of Resistive Circuits 
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2.20 Find V M ami y. s in the circuit in Fig. P2.20. 



SOLUTION: 






Vae. " ~ G V 


1ML oovou/dl c^e/ic, 

VaV ■+ 5“* (o “ \2. 


Vet * 


Chapter 2: Analysis of Resistive Circuits 
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# 


2.21 Given the circuit diagram in Fig. P2.21, find the following 
voltages: V Jo , VJ*. V di , V }a , V a ., V hf . V fb , and Vj,. 



Figure P2.21 


SOLUTION: 

KVL •, V* V«-VV^-VVi* 
V, t = -\0V 


kvl : Vd. ■+ v« 4 v*. -VV* - +\*j. 

Vjt ■ ifc + ii -(-io)-iu -*> 

Vd. * 2-0V 


KVL Ve* "V Vte 'V Vtb *■ Vcf 

Vm. ~ 20 -HoVll 

V et = ISV 

kvl : Vdt * v«* + v„j. + v bt 

Vd» = 20 

I Vd. ~~<e Vl 

Vbk * Vbe. "fVtvv ~ 1% +% 

O*; fcMfl 


Chapter 2: Analysis of Resistive Circuits 
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KVL ' V % = V r -VV^ + V fl +Vcf 

= 11 -A" lA -20 

s ” 26» yJ 

KVL * Vdi ^ Vi> _ ^ 

Vdu * “A Mb +12 

h/a. 24i y .l 

KVL *. V* + Voj. -V Vtt - V Cb 
V-u = 12-$-20 
^r ; "T fcvj 

V\VL Vac ^ Vets ' VaJo 

V*. - %-\z 
M* - -AV 

WVL ' V« -V^t +>4** Vo. 

N|u - \X-\M-%-20 

V«> " -SoV 

Kvl Vw + Vpi -VVlk & O 

V,v = 

1V M v :*%v) 


Chapter 2: Analysis of Resistive Circuits 
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# 


KVL \ Vfc -v Vet 

= \2.'Z0 

Vtv> * 


kVL : Vie.-vV tf -V e4 -v 

V*t. - -\0-V2O-ZO 
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2.22 Pintl V 4k . in the circuit in Fig. P2.22. 



SOLUTION: 

Vat = 4 -f 2 >v„. 
Vac. * ^ + % Cl) 
V* * IDV 


<s> 


Chapter 2: Analysis of Resistive Circuits 
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2.23 Find and V„ in the circuit in Fig. P2.23. 



SOLUTION: 

V«* = 4tx)-H 

^ = °1V 
\% * H Vce 
v u * UV 


Chapter 2: Analysis of Resistive Circuits 
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26 


2.24 Find V 0 in the network in the accompanying Figure. 


# 



Solution: Z-ZM 



KVL 



aloe 


AcjU: 


K VL 
kVL 


-joy cdUj^c ; 


f S' + V* - + 51 + 2 = o -0) 

V x =2.1 “(J-) 

V ft = 5-1+ 2 V A ^V A =-SI -(a) 

V c -iV A * o =$> V 0 = ZV A —(Wj 


Sulo^tiVutiYVj (>) * (>) m u): + 21 - M (ll) + 51 + z(-S"l) =. o 


lb - U X st O => I =. f£ A — 


n 


SuJovK+u**iw» ($•) m ^ . v A = C-s;) i£ V A * -J£ V -to 

'i u ^ n ^ 

•• v ° " 1 (^) => 


Su.1^4,^ (.6) ivy (if} 


(Va&ue 'rouwckcJ +o Z d'^vVs) 


V 0 = -I3*64V 


# 
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2.25 Find V c in the circuit in Fig. P2.25. 



SOLUTION: 

KVL' 

V„ -v 12. +V* * O 

Vo * *V, -' 2 . 

V, = -\2 T* 


V'VU OKOuwJl o*aXw. • 
2I y -M2+V„ = A1 X -*V, 
2lv\ '2 Ml, * Al* ■M2I> 
21, =- '2 

I, « 


V, = -M /fa) = v 

V D = -bTl)-'2 
V„» GOV 
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2.26 The 1Q-V source absorbs 2.500 mW of power. Calculate (a) I/*, and (b) the power 
absorbed by the dependent voltage source in the Figure. 


# 



Solution: 2-lfi 


2oV| 



P - 2*S"0 vv»\a? a.toso'*' kc.e$ 

1 lov 

Plov = 10 X 

=> X = Piov = 2SO y. A 


lov 


KVL - V dt - V** = ° 

=> = Vca 4 v dc + v b a — 

Vbd = -l(.«XIO*) = - (_2SO XlO~ fc ) 

=> V b a = — W 

Vac - -i C^x'o 3 ) => vac - -i-2.s v — (*> 


- v bA = ' 2 - V 

V t a - 2V X s -MV 

Suio&HtuVivva (m) \ v \ u) 


— &) 


tY\*j 

PDS - "" 2 ^ 


V = ■^yj 

- 2 C -z ) C 2SO ^ 


* 0 


DS 


\ f w\ (a) 
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2.27 Find in the network in Fig, P2.27. 



Figure P2.27 


SOLUTION: 

kvl: 12 » + \KI +4 

AK1* % 

1= 2t*A 

loop '• II s 1^.1- ■VVw 

Vfcd = (o V 
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2.28 Find V x in the circuit in Fig. P2.28. 



V x < 4 kn 5 6 kO 

? +7 


6v CD Q bv 


Figure P2.28 

SOLUTION: 

KVU * 

2^ = A XI 
lOl* \0 
1 ^ UA 

Vk r X 0»vO 0 t*0 C4 W) 
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2.29 Find V ab in the network in Fig. P2.29. 



SOLUTION: 

v** - -41 

Kvi • *il + ZI +51 + 61 
I5X = 15 
X = 

\u 5 

'U- -AV 
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2.30 If V 0 = 3 V in the circuit in Fig P2.30, find Vj. 
I 12 kft 



Figure P2.30 


SOLUTION: 


V 0 = 3K1 




Jl. 


T - 3 tt> N 


kvl: 

= \2M 

Vi * 2\ Kts <w 
V t * TV 
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2.31 Find che power supplied by each source in the circuit in 
Fig. P2.31. 


6 V 




2 kft 

JVW 


6 kO 


-VvV 
3 k.n 

Figure P2.31 


j vw 

3 kO 


SOLUTION: 



Kvl: 


+ 2ikl + 2>KI 

+ 6*1 + 2X1 «- 12. 



\%K 1 - 





1 = 

3 m h 



? t 

^ \ 2 X = 

\ 2(3 to) 



v 

* ^ ryv V s ! 




'V 

* * 

~C? (J% to') e ' 

CoJc^oMcxj) 
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2.32 Fund V* and the power supplied by the 15-V .source in 
the circuit in Fig. P2.32. 



Figure P2.32 


SOLUTION: 

KVL : 25+ 10 - AKI +5KI +2.K3 +I5-V%KI 

25 KI = ZO 

X = 0.%mK 

KVL ' Vc + IO - 2KT "V 15 + %KT 
V* - 5 + 

V< S I^v 

'Rsv * VI r l5Cc>,<fc7rO 

?,SV ' 12 m ( oJo^oaJo 1 ^') 
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35 


2.33 Find Vi in the network in the accompanying Figure. 


_ v 


X + 



V, 


Figure P2.33 


Solution: 2-33 



V x = -l(is-*io 3 ) 


I (js-xid*) + l(^xto 3 ) (isxto 3 ) = 14 

I (lo 5 ) (js - = 14 

=> 1 = 6S1-36 y. A 

kVL l cf<x1oc' : V, -14-V* = o 

=*> V, » IM + 

■=l 14 + ( r l)(jS'X to 3 ') 

- 14 - {y\ x io“ c ) (t s*I 0 3 ) 


V, - S- 6 S V 


(Value. ocj-| 4t> 2 ✓iKjvu^icavit ) 
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2.34 Calculate the power absorbed by the dependent source in 
the circuit in Fig. P2.34. 



Figure P2.34 


# 


SOLUTION: 


sVL 12--V V5Vx r (a V. -V-V2X + 2>0 1 
-T- . -Mrr. + X5- \/ 


KVL ; 2^1 -V kKI * Vx 

Vx = 

x= HfKX) 

X = O'tfrrt h 

T ; l^VxU) 

V * 1 '5 Vx CO' 0004 ) 

p * 15^) Lo.OoWjiQ.OCQ^) 

P * | .qz m w 
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2.35 Find the power absorbed by the dependent voltage 
source in the circuit in Fig, P2.35. 



SOLUTION: 

kvu 20* ID = lok I * 2 a1x * 5kI *2k I 

-f 3kI * <OkX 

30 - 30k X *2^*. 

I - im - -is- rn Vx. 

15 

Kvi\ V*.* iD - 2kI + 3lcT 



^ 5- i. 

3 

ID 

3V*. = 

15"— Vx_-30 

4* ~ 

-1? 

Vx = 

- IS - V 


I - i™- A p-s 3- ^5) 

!$• v 
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I. 

1 ■ ro A 

p= 

2V* Ci) 

p = 

^) 0 

p. 

“ 3^5 rr| IaJ 


# 
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2.36 Find the power absorbed by the dependent source in the 
circuit in Pig. P2.36. 



Figure P2.36 


SOLUTION: 

kvl; 

2 . 0 * + 
32-VJV-- 
I*. * 

?= IzooolOClO 

?-- |zOO C-l-25™) 
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2.37 Find I 0 m the network in Fig, P2.37. 


12 mA 



Figure P2.37 


3 kQ 


SOLUTION: 


2 * 0 - 


12 mA 


£ 


j 1 * 


2 ^- 0 - 


X r> C 12-YtO 


o ^ 


# 


1o " A 
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2.38 4ie network in Fig. P2.38. 


Figure P2.38 


6 kll < 

12 mA 

I-i 

) s 

i 12 kn 




4 


12 kO 


SOLUTION: 


6*.^ UK --AKX1 


- 

' 

l 

d 

* 

N 

ilL 

l 

^ Xo 

1--_1 


a 


I. 4^*') (-12™) 

T„ r “ 2>m P\ 


-P 
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2.39 Pint! the power supplied by each source in the circuit in 

Fig. P2.39. 


4 mA 






) ,wl ! 

[ 2Ml| 

[ 2 mA ^ 

^ 5 kfiJ 


Figure P2.39 


SOLUTION: 


2rrA 



J 'Rh <Ul|Zk)l! 5K 

v, i 


V, = Zr^C ) 


V, = \.\% V 


0 y* 

1_j 

r- 

i 

I 

pvcjft 6 

I 


= Atw 

Tap*a ~ A -IX no W 

" " 2. tt 
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2.40 Find the currem / A in the circuit in Fig. P2.40. 


: 4wi £ 

^7mA 3 

J1 kii J 

1 2 kfl ^ 

^3mA 3 




u 



sm 


Figure P2.40 


SOLUTION: 


pKl! Q 

^7mA 3 

;i kii 3 

J 2kft 

^ 3 mA 3 




U 

® \ 


# 





I - -OAtr*A 


KsCL oX (T> : 


]_ - 5 rr\ -V T/v 

” “0 A\-tn 

h ~ ” ?>• k| 
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2.41 Find lo in the network in the accompanying Figure. 


# 


19 mA 



3kft 


Figure P2.41 


Solution: 2.* 4' 
x-i* 


J k 

sit ; 

—>—1 

„ 11 : 

A i 

'Io 

' 

* 

< 

i 

:« 5 

1 


♦ x-x, 





-»—T 

^x, 

I - 

ft M 

J 

i“ 

1 

k x-x, 

—>— I 


-Ij. 

R EQ - + %x = 60*) + 4 

6-hS 

=> Rg.q = *3- n k-a 

C 1 X, s. nx \Q~ S r Rm 1 

L R.GQ ^ Rh J 

RXIO'V 3 1 - g.isw.A 

tS-tl +-5 J 

x »- “'i-TTsrl 



- 6"* 13 X I© X ±L 

n 


=> 


It, - 3 • S' \ -w> A 


^ Value. Aouvvdfceot e>-^ *Vc> Wro 
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2.42 Find h network in Fig, P2.42. 



SOLUTION: 


KCL 5= \ + -53A + 5Vx. 

v>.=(va^ Cv,) 

v x = ■¥- 

5 = + 5£fc) 

GO ■ 2V, + V, + 12V, 
15 V,-- GD 
•V, * AV 

V, - &l e 

2^ 

X D = & 
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Io--t 

To-i-A 


<s> 
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2.43 Calculate the power absorbed by the dependent source in 
the circuit in Fig, P2.43. 



# 


SOLUTION: 


4 mA 


<b 


\fli 


1 kll > 2 kil 


V, 2I a 


4 > 


5kQ 


Xa. 


kcl: 

—;' — jyiw 

* tfc 

Z Ctk') 


T, - 2M (XvJ ~1 % ~ 5K 


At* - 


X - +Jfi~ , , 

IK ' 2_K 5K + / XlK ) 


AO- 10V, -- 5V, +2V, -20V, 


V, = 

I,'- 


~4o 


i k 


=■ 
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?j.i k = V, C2.3ft) * (-^p) (>■) (l5'3^>r«) 

?«■ H?) Wt*) . 


= — 355 /55>aW 
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2.44 Determine / L in the circuit in the Figure. 



4 


Solution: 2-4^ 


I* = V, 


booo 


# 


kCL 


I x - *8 X io"° + 31* + 3 X 1P" 3 + V, + \h_ _ o 

1000 ,00 ° 


Vi _ 9 X |Q~ 8 h- 3 V, + 3 X 1 o' 3 4 , V| + _V| __ t c 

Llooo l fooo 2.000 looo 


L- [ -L + 3. + -L + t] a ^ * 10 

9 li 2 J 

DO L ^ J 


V 

looo 


“3 


=> V, = 2V 


looo 


X L - 2~A 
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2.45 Find the power ahsorbed by the dependent source in the network in Fig. P2.45. 



SOLUTION: 



K.C.L'. 5 ™ = I,+2V > -tl^I,+X, 

_ Vfe T J- y#! t Va Va 

X * it , i*. TT , I s -~£x, 3K 

A. + 0 u + \i_ + y^. 

3ro |k jji 5k 

GO = 5 V& KV a •* 20V*t \D\/*-V 

^ = l-5^V 

■P w -- V t T- V.CzvO 

Tjv* \'5 YY. ClXl'Sn^ - ) 

= ^.5/i V\| 
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2.46 Find Rab in the circuit in the accompanying Figure. 


A 



B 

Figure P2.46 



R,< 

t 5" K-fl. , 

= 1*8 <-ft- 

; f? 3 . 

3kJi, 

ftl 

- 3kA , 


, Ri* 


Rs 

4 R 4 - 

\k KSl. 



R m 

11 Rw - 

= 2 • 

ui k-a 



3 + m 



^3 

4 R* s 

5.4T K-fi- 




U Ry * 

1* 

- 4*20 K.^1. 



l»+ S-M7 



R. 








| g Ae> ^ q. 2.0 
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2.47 Find Rab in the network in the accompanying Figure. 

A 2 k n 



skn 


B 

Figure P2.47 


Solution: 2-kl 



R,= 6 K-P. , 1K Jl, Ri = 

Rl, - IkA , Rg- = 5K-n- 


R x = R 4 II fcs- = ~ 2- c ?'LK-n 

12. 

Ry - R 3 + Rx - K..T2. 


Re = R z II Ry = - 2 -^kji 

11-92 

R Af?> _ £i+R a - 8-9UJI 


=•> 


R Aa *■ 99 ksl 


VaJUxe, Aou.v\ctect o to 2 A\ejYM-|iCAV\t 
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2.48 Find Rab in the circuit in the accompanying Figure. 


A 



B 

Figure P2.48 


- 4 K-O- ) Rj. 5 8 t Rj a i 

£4 - 1 K.A, iK-fl-/ 

fci = tKA, ZKSL 

fiw = R-! ♦ R* + = '* *-a- 

R.» = R t " R» = 2 ( - ls) = t <3 rji. 

7.-* 18 

R v ^ Rm + Rx + Rs- - is - -* *>sl 

R e = R 3 u R y * 6 (*•*) = L,-3SM<.-n. 

Ra(3, - 

Va^ue >Vouv\aect 4t> Z a’veji+s.) 


Ri + Rt + Re 


3 


ft 


AS 


~ 1 & ■ *5 5” 


Solution: 2-41? - 

4 *y ** 4o 


r TW 

* > 

Aa« —► 

■» ill 

!*S i 

^ iii 

* I 

a ** 

£ *» 
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2.49 Find K a „ in the network in Rg. P2.49. 



Figure P2.49 
SOLUTION: 

%’ L0,m%O\Ul0 IISK 


'R, - \.5K SI 





'R Ae> - to*5K 

*•* a ( +5K ') 'i&y. 
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2.50 Find in the circuit in Pig. P2.50. 



Figure P2.50 
SOLUTION: 

Ttv*(\a<\\4,0 +2.K 
% - 

#- 

& 

'Rftfb* (Mll&O |\ I2.K 

* 2. AK ’ll tZK 

'Rab * 2X1*- 



t3.fc.Si. 
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2.51 Find R ab in the network in Fig. P2.51. 



Figure P2.51 


# 


SOLUTION: 

^ = C2X\\o)*VG>* 



6>v^ 




(p)0 1 \(o^ 

- 2KJ1 
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2.52 Find R A „ in the circuit in Pig. P2.52. 



2 k!I 2 ktt 

Figure P2.52 


SOLUTION: 





^Afe *" &K 1l Gfc. 
“ 3 K -O. 
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2.53 Find the equivalent resistance, R^, in the network in Fig. P2.53. 



13 Ohm 


13 Ohm 


Solution: 2.-53 



Pa= Rillfo. 

R*, — Rsii 

Note.: Ra JU> Ah.O-Hjt<-dl 
R* -u> juirvadbLve. 
Rg- 4-5 OKta. 


R; oJUo Ahoxjtcd. 
R 3 inactive 


Re^ - Rh H (R B -t R-f) 


El 


7 • 8 OKm 
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2.54 Find the equivalent resistance looking in at terminals a-b in the circuit in Fig. P2.54. 

1211 1011 



Figure P2.54 


SOLUTION: 





12 Q 10 ft 
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- i 2.\\4 = 

RjllR* i loll io - 5fi 

Rc* R-.'lRt, = i\\% = 

Rd * R u \lRe. * >41'* * 1.2J3- 
R t -- R*ll 1U * < *" <i * 4_a 
» R w URis* »oV\n>= C.tnxi 
R 3 - Rn II R„- 6,l\4 = 24 - 0 - 
Rv, ~ R,» \\Rv^ ~ ~ &- 

Rz - ( R -*,4 R(j ') Rf ^ 

(a.r-vi.z) ll (wt 

R* = \2\\lo = 5.45.0. 

|- 

^ P-TO 

b * 

^ R “ 
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r KiD+Ru+Ri'* A’+ < 5 t _ +5*A5 
Rob r n.V5 XL 


# 
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62 


2.55 Given the resistor configuration shown in Fig. P2.55, 

find the equivalent resistance between the following sets 
of terminals: (1) a and b> (2) b and c, (3) a and c> (4) d 
and e> (5) a and e h (6) c and d„ (7) a and d> (8) c and e s 
(9) b and d, and (10) b and e. 

a 



SOLUTION: 




».) 


Cl ♦- 


% 


j 


% 


5XL 


.°iSl 


4-Q- 


OU<0\\5 * V&l *1 
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3.) 


A.) 


5 .) 


o 


CL 




SSi- 


% An 




^\V\ = a .6 n. 


% R 


eq - 


i id. 

1 * 

> 

l 

2 ?“ II 


£- 


a 


^ '0+ \2 - 2-&..5 -Q. 


a 


5jD- 


I 


^.a ^ 

f- 

\ 2 -& ^sS* 
2 - 1 




^ = [«W (5+^\2 ^ (9114 )+ll= /6*5^ 


S€U V 

<4-iMr 


loa 


-— ^ 


: 5 J 2 - 




5-0- 


■Re^ =(?U'l)+lo 
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# 


“0 




b- 


© 


*0 


^An. 

% 5A 
1- 


cu 


CD 


a 


4 


AA 

© 


•\o.a 




-WWWr- 


© 


\oA- 

a 





10 H * 1^ = \oSl 


issi 

I 
! 




5-0. 


t 


12 JA 




= \xn 
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\o.) 


a 


-AAf— 

lo XI 


5X1 




5 -n 


4* 


IX 




-> 

^e<y 

^— 1 ^-. 

IX IX 


I 




4 lX 



1^- (4\W)+iz 

JtO*) 

R !4 + 


Hr \Z 




' 15,11 4Z 
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2.56 Seventeen possible equivalent resistance values may 
be obtained using three resistors. Determine the 
seventeen different values if you are given resistors 
with standard values: 47 ii, 33 U , and 15 it. 


SOLUTION: 

t» s 41.0., %.= 33X1,0*4^* \5n 

a ^ VV AA/ 

* Rt * 2 , 

b 


# 


'R«<v s 'R.-v 



si. 5i n 


, _ 3505 ) 

+ 33+15 



, .. v itl C'5) 

- Ri +C^.\llO - 5^>+ *chW 

IV Wia 
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b 


- 'R a -t(R,UO 


15 + m 




T*,.y\£L 



'R, IIRa.ll Ri-- 4 i|l 53 ||i 5 

^< 2 ^= '' ' 5 


^ = \<\ W\ll5 * A 

% 



“201115= 12 65 n. 
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1^= (S.-tlOU'k.* 42-\\3S= 2l.54.n- 

I 

T^r 


cur 




R\ 


ft* *(?*•***)» R> - 


'Re* = Z5.15 n 



^2^,' (R^ Rz^RO II o 

* 0 XX 


*-vW—i-- 

' R ' 1 , 
fV 

5R& 




Ri + U 3 JR 5 1\o > ) 

Req,- R t » 
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a. 

< 

- 


= R»- VbSi. 

A _AA* 

4 

k -- 

;R. 5 

rR*. 


- ■R 5 -vtR,UfUAk>') 
1512 - 
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a 




Rsl ^ 1 

33(_Vl-H5) 

33+A~H'S 

- 21,55-0- 

Kc - 

C^-vO 

15 00+3®) 

12-. G3 STL 

+ R i-v Ri 

~ 15+A1+33 

V = 

R, tRi+Ra.) 

R,-v 

AK 3-3+ 15) 

AT + 33 + 13 ~ 

Zb.15 SX 


# 
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2.57 Find the range of resistance for the following resistors. 

1. 1 kH with a tolerance of 5% [(a) R m in and (b)Rmax] 

2. 670 (1 with a tolerance of 2% [(c) Rmin and (d) R m m] 

3. 12 kD with a tolerance of 10% [(e) R m i n and (f) R max ] 


Solution: 2 ..S'] 


I. R- | kil @15/. 

*>vu-Y\- * o ~ toi.)- Iooo (0-95) - ^5012. 

R (I + toJO = 1000 (\.0S) =■ 105011 

R = 6>70 SI @ + 2/ 

670 (o.9B)- 656.6011 
R-mcu- (t.02.) = 603> Ho -TL 

# 3. R=- 12-k-O- @ 1 to/ 

R-wu-yv — IRX I0 S (0.9) - 10.^ kil 

R™^ - IX* lo 3 Cl* 0 - 13-X KiX 
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2.58 Given the network in Fig. P2.58, find the possible range of values for the current and 
power dissipated by the following resistors. 

1 180ft with a tolerance of 1% [(a) I m i„, and (b)I max , (c) P m j n , and (dJPn^] 

2. 660ft with a tolerance of 2% [(e) I m j„, and (f)I™x, (g) Pmin, and (h)P max ] 

/ 



Solution: 2.58 

l. R= 180 si @ i A 

x- WJ1 

R Rtku'vx. R-riAtvx 

liaoCo-qO-=- HZ 2-SL 

fWx - 180 (l-oi) =. 1818X1 

[cCj X-wu-vx =■ 19_ - IOH.61 - 105 -m A 

18 |S 

r U-) X- rvvM . =- iq ^ 10^.62- yv\f\ - lol -rr\k 

na.i. 

C£)fW»,=- 19(lwm) = W(lM.Si)= 1885.69= 1986-mW 

[d) <W = 19 (Imeof) - l9(l0t-63-V 2-D2-S 18= 101< WV 


T • — 

- i -yvvA.n 

[05 yy\ A 


t^rvu*n — 1^86 ^ 





107 rr> a| 

1 

fW = i0X4 ^ W 
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Z. R- 6<S0j cl @ ± i_ + 

fWw- a ° (0-98) - 6^6- 8 SL 
= ^^0 (1.02.*) = 613. 2. SL 

Qe) Irvu'-w- —^— - 1B.22 .wA 

6T3- 2. 

(^0 X*yviO\.5f ■=--19- ^ W A 

6H6-8 

(g) Pw-a — WOe-i*) - ^3618 >v\W = 556 T^nW 
On*) (Wx - iq ( 2 -q.M) = 558*6 wV = 55B ™W 


-■yvurv. 


- 20.2. wA 


wVi 




>> 00 of 


55 Qyv\\d 
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2.59 Find / t and in the circuit in Fig. P2.59. 



Figure P2.59 


# 


SOLUTION: 





4 * U- 


izv ® 


—vw- 


T 2k 




ja 


"X- 2-K.-VAK 


X= 2m K 

T,--( 


/ -avc +^it. _ \ 

/ \ 


( 2*0 


I,= 1.35 m K 
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Kcl: 


I = 

I.+ T-. 

I,-- 


-1 i. 


Vo s 

I.(AK) 

Vo = 

0-661 (^vO 

Vo = 

2.61V 


Chapter 2: Analysis of Resistive Circuits 


& 


76 


Problem 2.59 


Ch02.indd 76 


12/22/08 5:17:03 PM 




Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


2.60 Find I\ and Vo in the circuit in Fig. P2.60. 




/j 2kQ 

r 

ev Q 

D 

*12 kft 

£ 4 kn 

L 

Figure P2.60 


y 0 


SOLUTION: 



_ (o _ _ 

Xi = 2 -k " 0.5 mft 

Xi ~ ~ 1 M A 

Vo - I» CAK) - Itn ikV.) 
Vo- 4V 
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2*61 Find V a t> and ¥& in the circuit in Fig. P2.61. 


a 



7 Cl 


Figure P2.61 


Solution: 2..61 


# 








R,= q+8+ 9 - 16-TL 
7 q/i. 



R, II = 6.69-0- 
2.6 f 8— 1 14.16 V 

L *3+ 8 J 
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# 


Nod ul Jvwt 



f 


b 

1IL 


r (l 6 - IMI 6 ) — II- 8 H V 





q +8 + 1 ? J 


4 - 098 V 



1-63 V 


V ab =■ V«. + Vtb = - 4-098 + 2 - 63^-1468 V 



Vm i v e , r 9 1 - 4-096 V 

[9+8+9 J 

V dt = V„ f + V,c = -''<•»<+ (- 4-098)- - 18-16 V 


- 


—18-3 V 
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# 


2.62 Find :md / A in the network in F\g P2.62. 


16 kH 



v\ 


Figure P2.62 


SOLUTION: 

X. 16 ki> 



1 *" 

IS 

T, - ifoK+'ax 


L * 0.^25 tn ^ 

V, ■ I,(4V0- (o .fc25r«')C%K.') 
\Z,= 5V 
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2,63 FinJ mi lIk rwiwturk in Fig PlW. 


15 mA 



10 kfl 


Figure P2.63 



= lo*a, JoltJi- 

f.* - = lO'tJi- 



tsx [o' J 


fix 
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2.64 Determine I 0 in the circuit in Fig. P2.64. 


6 ktt 



Figure P2.64 


SOLUTION: 



•Rs L(AK-*avOll Ifevj -*4K 







I = ~ - 


izvOIgk. 


GakajmaA- {^C\460u * 
Io^(u*+6Vc ") f-2m ) 

Xo ~ "l.'SSwN 
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2.65 Find Vl in the network m Fig P2.65. 


10ft 



Figure P2.65 


SOLUTION: 


# 


ion 



[L\0llCfc+O]+3]ll« 


- (.54*0 H* = AXL 




5+l+s * ZA 
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'Ri* 



i* 


Is ‘ 0.5A 

I, = I„* 0.5A 

kvl: 

V, = 

V,* 0-5 Ca) a(.0(5) 
V, » 5 V 
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2*66 Determine V 0 in the network in Fig. P2.66. 


# 



32 mA 


Solution: 




R, =■ Sk-fi-, Ri =- 5kli r 2 -k.n. 

I E , ^ (3Z- l<0 — 13 m* 




k,Rs; 

u- 


=0 I 0 = - 6 - 1 * «* 


Vo - -^D Rj 
- - 13-66 V 


V 0 = -139 V 
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2.67 Find V ±l in the circuit in Fig P2.67. 


30 V 


+ 

a 


Vcb 




f - w* - 

30 

- \'V\ -t 

4 ft 

9n * 


> is n 

> 10 ft 



i - Wv -- 



60 


2 0 


Figure P2.67 


SOLUTION: 


9 O 



2 0 . 


90 . 


trCA+dllloJ 

- ( 5 + 5)1115 = (c,n 



30 _ 

9 + £» ' ZA 


KVL 

^0= 15 I, 


CtAculi • 
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\ 53 ,» 12 
I 


KC.L '• 

I-- X + I* 



Mil*. 

V to 43I^ *0,-0 

-3 (&)-•*(&) 

\4* - -tv 
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2.68 Find in the network in Fig P2.68. 


50 30 20 



Figure P2.68 
SOLUTION: 


# 


Xi 511 X* 311 211 



IV (2 


1^,- id n 





j V * 2.5A 


X- 2..5£ 


"T* 


) V) 
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I, 2,5A 

T,= 1 ,- 1 , 


J 5 - 2.5 - 0.<t55 
T 5 - l.fcl * 

VC.VL-. 

21 ,= 51 ,' 41 , *> 4 * 

V<u,-' 2-(2S^ -3r2.-5)-4(0-253) 
- -5.45V 
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2.69 Find /j. h and VI in Che circuit in Fig P2.69. 


4 0 2 0. 



SOLUTION: 


# 


4ft 211 






J x - O-fcA 
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I,:^) (-5+1) 

I. "0-5A 

KVL : 

2.1 lAl-VV, = 23v + All 

Vi - 

V, = 6(w)-4(n) 

V, - -1.2V 
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2.70 It' V„ = 4 V in the network in Fig. P2.70. find V v . 
8 kU 



Figure P2.70 


SOLUTION: 



# 
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93 


2.71 H' the power absorbed by the resistor in the 
circuit in Fig. P2.71 is 36 mW, find V s > 



Figure P2.71 


SOLUTION: 



# 


TY\ H 



' Tk 

v ■ K* 

H 

II 


_ I 36r* 

V- \ZV 

X" si *»K ~ 


V m V2. 

X«* I2W * \2.fc 




KCu‘ 

Is-- I«+I 
Xc, “ W' 
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Xs “ 4w K 

KVU 

= x s (°ivo+v 

V s « 

Vs * 


<s> 
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2.72 If - 5 mA in ihe circuit in Fig, P2.72, tiiKl i s . 



mA 


Figure P2.72 


SOLUTION: 


# 


I 0 — 5 in A 

2 ki'l 

V 0 - I„(.2vO = 5m (Zk) - 10 V 

T, - 

Xl " 2-5 TO h 
1AC.U '■ 

X, J L + L 

T s * + 

X* = 1,5tr> Ak 
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# 


2.73 If h> — - uiA in the circuit in Pig. P2.73. find V*. 



12 Ml 


SOLUTION: 



V 0 = X 0 G>V 




= 0-6r^K 


KCV. 

XAX-o+Xj.- W*2.»«-V O-Smn 

X* " 

kvl: 

v*- wa.-vv. 

V s - W-lVsI-K, 

V?. * <1-5 v 
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2.74 Find the value of V s in the network in Fig. P2.74 such that the power 
supplied by the current source is 0. 


2 ft 2 a 



Solution: 



R]= 2-A., CSL , R 5 - 2.-a, 6-0- 

Px s - ^ V X o => Vi - O 

Kcu : 12. _ ^ V$ + 6 = O 

Ri + Rj. R.5+R4 

12 + + 6 - O 

8 8 

V. - 60. O V 

O 
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2.75 In the network in Fig. P2.75. v; = 12 V. Find V s , 

4 kil 



Figure P2.75 


SOLUTION: 


# 


X 4kil 



M© 




Js, 


1%V 


+ V, 


%. O.K 


-Q- 


15** Cl M *>0 \Uk 


V- I, (‘tk + nO- 5 TA (mO* isv 

V >*V - . 

X & <£>* " 

KC.U 

Is * I-VI,* . G^mh 

KVL 

V»-- Ii(ZK) + V 
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99 


Vj - C.t*(2.0 ■+>%• 

v„-- 3ov 


<s> 
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2.76 In the network in Fig. P2.76, V 0 = 8V. Find I s . 



5 k n 



% 


Ri - 3 k-0- y R* - q KD-; - 4 k-O. , zic -Ti. y 5 k-D- 


- 

Vo/r s ^ S/« 

- | 33 ™A 

*1 -. 

Vo - a 

- MW3 



— 

X , ~ Cl 

.33 -t I IH3)^A ^ 2.^73™^ 

Vs - 

v 0 

(jLW73 xq )-f- * = 30.2.57 V 

I 3 ^ 

V 3 - 10.081 

'YYl A 


1$ — + I 3 — 2.-H75 -f- | O • O 2 7 = | 2. • S 6 Trvi A 


- li- 6 'wi A 
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2.77 In the circuit in Fig. P2.77, V Q = 2 V. Find 1$, 




- AV -1 

f - vW - f — 


12 0 

2 Q 

eo 

10Q < 

: < 

30 : 

4 0 | 


Figure P2.77 


SOLUTION: 



# 





o.5k 


V, = I 0 c^= 06 C\x>Qi 



•?> 


Zk 


KCLaJtfc’. 

T = Z-V0.6 -2-5A 

KVL *• 

- 2.6(2.) •+ c 

>4* "V 
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_ Vi., _ w 
It- 10-VU - 0-5A 

KCLcd M 

!<,= I-tJ^ 2-5+0.5 

I*--3k 


<S> 
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103 


# 


2.78 Find the value of V\ in the network in Fig. P2.78 such that V a = 0. 



Solution: Z-18 



Rt= 4-a, l-G-j *4 — ^SL j % ~H Si. 

X, - X- a + X z =& X, Ohnnnk Jjxv' ^-0,^=0) 

X, 

R, Lf 



Vk. 



A f>^fcA0 

8 + 


K.VL jin ioob 

0 - v 5 = o 


V 3 - B V 

K-V L i.ooj> 
- V 3 i v 4 -f V, - o 
v 4 = e-v, 


be h i b 


cde.£ghc 


% 
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So 3-i _ - JL -f & ~ 

15 

X. - I*. - JL t 8 - V; 

~1 s 

So, =, + A- Yl 

Hi S 

V, — G-09 5 V 


V, =. v 


# 
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2.79 If V] = 3V in the circuit in Fig. P2.79, find I,. 


+ 





R, - 8 kXL, Ri_- 18 k XL t q k-fl, =. 2 _k-a 

V, = 3V 


R.e<5> - 

Ru + 

£R 3 /lRq) = 19■ £3£ = 9-64 kJX 

=• 

Vi = 

S_ - 

LwA 


R.7_ 

18 - 

1 


*4- 

Ri 



Ri + 


I - 0-576 
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# 


2.80 In the network in Fig. P2.80, V/ = 16 V. Find V*. 

7kn 



Solution: 2.-60 




V, =. |& V / R, =■ Bk-H-, 5k_Q_ y 7 k_Q_^ R 4 — 8 k-C-, 

q k-0- y - £ Ic-TL 

R a - ^ || ( R S -f RO ~ 5-217 k-/x 



R-t ll + 


r 

R-3 

Rj^Ra 





= 3-548 k-GL 
V z =. X7-925 V 


Vi 




Re$ 

R-e$ + Ri 




Vs — 90-89 V 


v 5 - 9 o-q v 
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2.81 Given that V Q = 4 V in the network in Fig. P2.81, 
find V s . 



SOLUTION: 



I,+T d * 2.m 


X, - 2w\— 

T, - 


Kvl 

A -t X + 

(l2X)X t * A +4»(2J<H 6> 2 «) 

X^= 2.mk 
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kcl : 

1 st I, J 

I s - Irl 


J s = 2m-('ZwO 


# 


1 s - Arvi^ 

KVL’ 

r 3KI S + 12-KI^ 

Vs ' "5K \ZK Lz™) 

Vs " 5 CV 
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2.82 Given that /„ = 4 A, find R, and the power supplied 
by the 10-A current source in the network in 
Fig. P2.82. 



SOLUTION: 


40 V 



= I u C2D-tlO> ' ^ (lD*\0) 

V,. =■ \zov 


kcl ■ 

10- I x -VX, 
1* - \o-<» 
T* - c,h 
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V. --1 K t 



F.' 2D.n- 

KVl : 

+(A)(zo) 

Vcoa * \ZOV 

KVL ‘ 

V £ tAo-- voCOvioUH. I r R 

Vi ' "ACKMO-V %0~\ (o 

Vc, ^ 2.00 V 

^OA = VsC^o) “ 200 Go^ 

TU ; 2 .K\aJ 
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2*83 Find, the value of V x in the network in Fig. P2.83 such that the 8-A current 
source supplies 48 W. 


# 



Solution: 2-&3 



Rplii, H-TL, 2-A-, 2 -- n -, ^5- 

P «A = 0 O(&) = =» V 5 ^V 

v 5 ^ R 5 1 5 - 32 V 

V s =- v 5 + V Lf =4> V H = 'V 5 tV s v 4 - -uV 
Xu - _^L_ ^ - 13 A 

K.VL -^OJt Xoo j? OL.bc -f q h CL 

- H -t V z t Vt, - 0 

V2_ - M - % - 3e> V 

X^ = 7 5 A 
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KCL otwode. c 

I A -t X s = X 3 + Ii, 

- IS + 8+13 
2.6 S A 

Vj ^ R 3 X 3 ^ 57 V 

V* = V 3 + Vj. 

- 51+30 

31 v 


V x - 87 V 
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2.84 If the power absorbed by the 6-A current source in the 
circuit in Fig, P2.84 is 144 W, find V s and the power 
supplied by the 24-V voltage source. 



SOLUTION; 


<s> 



-■ 'Ilk') 

,, F * . Jai. . 

V 3 = ^ & ' 2A V 

V., = 2<<v 

1*00 = 0 


I, = o* 
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KVL'. 

2 ^ -* - <o(0 ■+ % I, 

^ 11 = 2A + - 2M 

I , ' 5A 

KCl: 

T-s. ^ ^ 'I, 

I** -3* 

Kvl’. 

Vs-- 

-- -SCO 
Vs = \2.V 

Kvl'. 

\ ^Vj-- ) 

V 2 = ov 

V, = I, (u) 

T x - o A 
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2.tt 

Tj- 

KCL: 

I ' Ivt c 

1 * C,+ 0 + £ 

I - \2> 


? a «v ■ 2A(l ^ ' 2^ ) 


# 
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2.85 Given I<? = 8mA in the circuit in Fig. P2.85, find /<. 



Solution: 2’65 


(X b c 



R,= lk-a # 2 , r 3 = i ksi / R h = 2k_a, ikjn 

v 0 ^ R H i 0 - 14 V 

— 6 t V 0 = 22-V 

- V s/r 3 “ 2.^ W) A 
Xg - X 3 -t x 0 = 30 yyiA 
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# 


V, 6 - 12. V 

x. - y±_ - a 

Rl 

L looy Abed -fa. 

V 2 - 6 t I^ 3 t I 5 *> 5 

Vi ~ 58 v 

Ii = Vz_ = 29 "wiA 

Rx 

X* =, -X i -x 5 


x A ^ - sq A 

__- 
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2.86 Given I 0 = 2 ra,A in the network in Fig. P2.86, 
find V A . 



SOLUTION: 



Vo = T D tliO 17 2*(llO s 2v 


KVL'- 

Vv - V 0 -v (p 


T, 


2Y* 


V, s 


S 

I* = 2*- 




KCL' 

Io+ It' L 


^ ^ z 2^ -v ^ ^ A 
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V 4 -- I^ClX) =Cv*(2x)= IZV 

KVL’ 

V, -V Va. - V 5 

^ <3-HZ’ ZDV 
Vs _ Zo 

Ii ' IK \K 2ow 

KCL- 

IZVl*-' I, 

Xq ' Cc?^ +2X)rA - 2-(o>r^ Pi 

- ln(\lO-2twOV^-26V 


KVU ' 

%■* VVO 


V* = -Zfc-20 
N/a s 
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2.87 Given V 0 in the network in Fig. P2.87, find I a. 



Solution: 2.-8 



Ri- I k-a Ri= 1 kiX, R s - 2k -Cl, IkJX, k 5 = I k-n. 

V 0 - ^ V 

- V °Us = A 

V 3 - 13+ V D :=. ioV 

I3 - V 3 y £ s =. lo inn A 
X* - ■+ Io - HwA 
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3 -Vj = -n V 

la. =■ v »/Rj- - ' l7 rr)A 

X, = I* - Xi= 34-mA 
V, = R, X, = 34 V 

<VL 40Jt loop a btdiKj-la. 

=t> Vtj t V 0 4 V, = 3 

\ = 3 - V D - V, 

^ -38 V 

X 4 = V h /r 4 = "58 w A 

I A + I 4 = I, 

So, X»i — X, - X 4 

- "7 2 'YT) A 

X fi - IZwA 
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2.88 the power supplied by the 2-A current source is 40 W, 
find and the power absorbed by the 5-V source in the 
network in Fig. P2.88. 



SOLUTION: 


2 A 



M- . 4o 

1 xx " a_ 


v, * 2Dv 

kv(_; + v, - 560 

Ij.* -> ft 

KVf. 5 +V, - 5 O) -+ 

51 - 5 + 2.0-10 

16^ 
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Kcl : + 

z- n- x H - 3 

X H -2-A 

Kvl; V s 5X m + 5^ 3 
v s r 5 ( 2 .) + 5(%> 

V s = ^ 5V 


KC L : 


x s = X 2 + 3 5 +1 

Is - = 1 A 



I 


s 


- 1 + I t '2- 

7. A 


P 


5 V 


r s C5) 


P 


5 V 


10 VO 
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2.89 1 he 40-V source in the circuit in Fig. P2.89 is absorbing 
SO W of power. Find V x . 


3 A 



SOLUTION: 


3 A 



Ao(i) 


X- hi? = 2A 


KCL' 


I, i "b-t 5 = T 

I,* 1-5-5 
T.= ~£>A 
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Kvl: 

'0I V + 201,* 51,+ toX-tAo^O 
soX* "A0-6X,- 101 

KCl'. 'U-y J x -I, 

X* 8 -6*5 - to 

lx* *2- A 

Kvu : 

Vi = Glx+ 51,* loi^Ao 

Vx - G-C- 2 ) -+ 5 t-A') V tO (a-)*-Ao 

\/»« \*V 
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2.90 Find the value of V* in the circuit in Fig. P2.90 such that the power supplied by 
the 6-A source is 54 W. 



Solution: 2.-40 



- 1 SL f Rz - i-O-, R 5 - h M-, Rl, ~ 2 - -0-, R 5 “ 2 . XL 

p 6a — sh - c v 5 - q v 

I 5 ~ Vs - h-s A 
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KVL a 

V 3 =• V 5 - 3 — 6 V 

KCL odt £ '• 

X & -t I 5 t X 5 ^ 6 

X& - £> ~ 1 3 “ X 5 - O 


KCL 

X 2 = 

kVL 

V 3 


ai: 

- X^ 

i 0J< 

1 - Vx 


L : 

*t 5 - 5“^ A 

Xoo l> b ^j k J. c b 
= X^_ R^ -f X^Rj 


Vk — X^R^. t Rj - V3 
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2.91 Cliven that V, = 4 V. find V A and in ihe circuit in 
Fig. P2.91. 


V A 16V 



6 Ml 


2 kl! 


SOLUTION: 



V* - I.UO 

X, “ X* ~ Zrr\P\ 

KV L' 

J- x' \Vs 
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# 


I *= A tA - 2** 

Ka* 

Ill'll 5rr\K 

I,- 3tv\K 

KCl_', 

It,- Ifct 

i»-- -I™* 

VkVL' 

2K3 S ^\4= &K + Vfe-vV, 
Vft,- 2 vc(. 2 .w) + It 
V fc = -.2V 

Vs-TfcR* 

-z 

Kfc- "ttv _ Z K. Xi- 
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130 


Kvl 

V A s $-2.- 
V* £ -\ov 


# 


% 
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2.92 Find the power absorbed by the network in Fig. P2.92. 



Solution: 2*^2. 


6oV 



Ra,Rb, Kc CovYntjcted juy\ wye cort^'^Anoutieri 
Re*. - ik-O., R b - 8 R c ^ 8 k!L / 

1-2- k-T2- 


R, - 

Ra Rb 

+ RbRc T RaRt - 

izkM- 



Rb 


Rz =- 

Ra. R-b 

*+ Rb Rc "t R&. — 

|2 kjQ-' 



Rc 


Rs - 

*OL*b 

+ l^b^C t Rq. Rc ■= 

HB k-0- 
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tb) fig CO 





R* — Ri || R 4 - H kJl 
^ R*. || R 5 ^ i kJTL 

?= _K_ + v. _ 

R3 R* + Ry 

P - H 35 ^W 
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2.93 Hnd the value of g in the network in Fig. P2.93 
such that the power supplied by the 3-A source 
is 20 W. 



SOLUTION: 



? -- V 4 1* 
2 - 0 - V»C%) 
V« ’ * 
KVL - 


V 


^4- 2-X% — (t) 

kci ot b’ 


I*.- - 5 - 1 . 


'TuJlLlaq (1) ^ 


133 
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V s - VI, +2I» 

Xx. 

_ 2 £L_X - T 

T -1,+ZIs 
II -~-5I,+fcI,J 

KVL'. 

V*-- zl, tzis. 

KCL oJt 

i'VI, 

Ii- 5-1, 

■¥■= 2I, + Z(b-I,) 

^2“ CpX l ** c>x$ 

\ i' I 5 — U 

Cl- G.3&-2 

x* ^ 55 /\ 

Is * 4 k 


Chapter 2: Analysis of Resistive Circuits 


& 


134 


Problem 2.93 


Ch02.indd 134 


12/22/08 5:18:41 PM 









Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


X*.- 5-A Vi 
I-*- -\.bhh 
KCU oX C. 

Tx- 

= 4-tqfcl •■*>*>) 
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2.94 Find 1 0 in the circuit in Fig. P2.94. 


21V 



4 n 


Figure P2.94 


Solution: 2,*9H 


# 



Cb) \fc-D-, ane. -cm J-jye. comme-ctum 

~lht*e.^SLHe. - > tecl>t J £ttovL cu> ^ Cc) 
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in Cc) f %_fl ; £ -O-, ^ <\ _n_ 

Cio'm kJye - deJlfcoL ioe Kat/1 

Hi ^ i~ R-b E c t Ra-^t: - Sh -H- 

Rb 


R*2 - Roc Eb -t ~t Rcl - 36 -H- 

Zc 


&2> =- ^gR-b ~f Eb Ec -t RgRc =• 

&X 

Kjtd) x& i^ic\yu>^ o>rw\ecl -mtro rftjtO 




Ri 


H-n- Xo 


I. 


-MM . V 


-A/VH 


lil V 



R 3 ^i 8 -n_ 


CO 

Rvj z=. R t H iq 
Rvf = 12 ■ 4 54 


R** - 4 II E 5 + Ry 

= Ml IB + l*’H 36 

R.e$ = 15-709-a. 

I, =. zi =- 1-337 A 



Xo - l og aJ 
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138 


2.95 Determine the value of V„ in the network in Fig. P2.95. 
12 kil 



# 


SOLUTION: 



12 W1 






JbtXJUx -to w 


r 





' Ri’tRz.'VRj 

_ 


\%*. -V\24e_ 


( ' 3 - 0 — 


~ 6 K.a 
zk -H- 





) 9,v,C\2 -v.) _ 


Co VL. 
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R’- GRXL 



12-V (t 


¥ 






12 - 


X ' t 


\z 




3K.-+Ait 


X -■ RI'AtwA 


LUiwfl CaaA^JUaA- (ii\A£JU>VC 


1 

I 0 *(tTr7Tr 5 ) (i) 
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To * f 4A+fcfc-^ (li 1141*0 
X«,= o.siiwK 

Vo - loK-s = CoSHrOUvO 

V 0 = T>.4 
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2.96 Find the power supplied by the 6-V source in the net¬ 
work in Fig, P2.96. 



SOLUTION: 


# 


1W 'tWcUl iZK-fl 







"tWuc OW 



t_2± u 2&J— 

'R * |2-Vc \ I2K.-M2*- 
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= A Ksx 



.A _ » c „ 

3 s - 

Is' 0-5 rri A 

P' Vtls- C ,(oSx«) 
P - SwW 
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# 


2.97 Find V, in the circuit in Fig. P2.97. 



SOLUTION: 

KVL' 

I2tzo001„= 5KI. + 5KI. 

kKI* - 12 

L* 2 .™^ 

V I s t5v0 
n/ 0 ' 2' rA C5^'i 
V 'OV 
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144 


# 


2.98 Find V 0 in the network in Fig. P2.98. 



Solution: 2.-98 


6 oV 





R, ^ 12 k-O-, R* - 6 k-TL 
&0 - R,1 + iV 0 t 

V 0 - Ra. X = 4 x 

6o = III -t III -f 6 1 

I = 2. A 


V 0 - lav 
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2.99 Find A in (lie network in Fig. P2.99. 



Figure P2.99 


SOLUTION: 

1 312 



# 


KCL' 

X-v X* 


I - V' 
% 




A<5* V,_+ Vu 


5fa>)- 5v, +12V -V io^= GV, T4V. + 2V, 


5 V t * 

V, - e\ fcv 

I, - Vj_ . ai- r 
M A 
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2.100 Bnd /|. /;. nnd l K in the circuit in Fig. P2.100. 

h h 



Figure P2.100 


SOLUTION: 


h h 



# = 5 A 

% 


AI, = 2M 

I, = GA 


KCL' 

X.-vI . = 2. 


2 ." 5 ' 


1/ -4K 

Kcl: 

X, = X 5 ^I„ 
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c>-* 


T s = 5A 


# 
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2.101 A single-stage transistor amplifier is modeled as shown in Fig. P2.101. Find the current in the load R L . 
R s = 1 kfi 



Figure P2.101 


SOLUTION: 


K*. =1 Ml 



KVL* 


lb Rs ‘t 

l te * 


\ K “t Z 60 

Xto " 0 * 2 . 


KCL* 


( 001 ^ 1 ^ 1**0 
X D s -too(o-2**>“ J 




T r -\.<*ZyaA 


# 
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"Lo- -0.02 -(— \.'k2.ro') 
1 0 - -l* .1% rrv A 
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2.102 Find /„ in the network in Fig. P2.102. 



Solution: 2 . • (o£ 


# 





= 1. V V 

If 






~7 Vw 
II 


C 2 -) 


vlq. \jx) a Tv to C 1 ) = 3 V 

lo = 1 

3 



Chapter 2: Analysis of Resistive Circuits 




150 




Problem 2.102 


Ch02.indd 150 


12/22/08 5:19:00 PM 





























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 
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2.103 A typical transistor amplifier is shown in Fig. P2.103. Find the amplifier gain 
G (i.e., the ratio of the output voltage to the input voltage). 



Figure P2.103 


Solution: 2* lo 3 


R, Rm 



Vs - o-ii - loo-O-, Ri— 5 kI 7 . y fcj =. 5 oo -fL, 

K - H x I o c , R-h - 5 R-r- 8 oo -CL 


V b ^ V s r 

R*-ll 1 o-za-i V 

L 

Ri ■+ CR-a-l* 


<UA 


f R-5 "1 ^ Vo 51 V 

Vo - — K Xfe 


[j^+RsrJ 

G, ^ Vo. = 

-9o- 3iq 


Vs 


6 i — -qo -3 
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2.104 Hnd the power absorbed by ihe 12-kiI reuslor in the network in Fig. P2.104. 



SOLUTION: 

(.MKWujO - 5KH- 



^ 2! 0 "t I t = (ew 

CpYV\ '5I 0 

li = ( ( <oy« ~~b i*) 

-1-3- = 2fA~I D 

- o • % tc \ A 


Chapter 2: Analysis of Resistive Circuits 


& 


152 




Problem 2.104 


Ch02.indd 152 


12/22/08 5:19:00 PM 























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


kcu: 


(or* = 


4 K 


+ 5 L> + 



12 *. 




+ v 


3 - 


r 


Vk 

1ZK 


Vo = T2V 

y *■ _ (la}* 

“ 4-52-mW 


# 
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2.105 Tint! die power absorbed by the 12-kQ resistor in the network in Fig. P2.105. 



SOLUTION: 


# 






IX 


(q<||R*0 nK 



V* - Vo 
2 

KCL ’ 5 no ~ Vo 4 Vy 4 Vo _4 ~ Uj 

2k 7ocD (QKi\\iX)+S< 

5no- _Vcl 4 4_Vo_ + Vq 

2 * ik 6k Izk 

Go — 6Vq 4" + 2V 0 + Vo 


# 
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60 — 


<H Vo + 6 ( 



\J 0 ~ 5 V 


p 


Ukjl. 


Vo 2 

/i t 


j. 5 ). a - 

UK 


p 


lit: si 


2-0£ TOoWf 


# 
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2.106 I ind the value of k in the network in Fig. P2.106, such that ihe power supplied by the 
6-A source is HkH W. 



12 !! 


SOLUTION: 



I?.*- v 6 i a 


\o% 


V & c Co = |%V 

kcl: 


. . V. Vi. 




£ - “ + 3G-V 1% 

UKl 0 -' -1% 

Kl„ - - l'5 V 
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I 2 - ~ “ 3 A 

Io= (~£i) I**(-£4) (5) 

I D * Zk 

-i.s 

K- 2- 

fc- -0.15 


# 
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2 FE -10 Find the current I x in Fig. 2PFE-H1. 
a. 1/2 A 
h. 5/3 A 

c. 3/2 A 

d. 8/3 A 


1 ii IO 



# 


SOLUTION: 





^={[( i ? 5 + i ? 6 )| \r 4 ] + r,]\ I r 2 }+r, 

^={[(8 + 2 )| | to ]+ 1 ] | | 3}+1 
R eq = (61 13 ) + 1 = 3 Q 


R'=[(R 5 +R 6 ) I |i? 4 ]+i? 3 =6Q 

/,=f—1(4) = ^ = ^ 

l 3 + 6 J v 9 3 
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3.1 Find both / 0 and V c in the network in Fig. P3.1 using nodal analysis. 

6 kO 




F--- vW -■-' 



3kO ; 

l + V o - Q 

4 

^ 4 mA 


Figure P3.1 


SOLUTION: 



p-k-JL 


KCL- ojr (±) .* 2^ : J 0 -t I 

V) Vi ~~ Va. _ 

3 k £ k 

2_V, a v, ^ -- 12. 

!>V, - Vjl ~ I^T 

lea ©: X 

4 rvi -t- 

fek ' TTk 

ZV, _ 2-V^ z 4 Vj. 

ZV, - 2^3, - 

Sv, -Vj. 12. 

2 v, - 2.^ i 48 

V', ■= - JTJ V 

-17-lA v 
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Vo - V, - V2_ 


v 6 ^ - 1.7 / - (- iy.1^ ) 

V 0 - IS.^ y 


X 


O 


X 


D 


3 k 

- J-7 t _ - a- C 7 

2>K 

- 0 ' S' 7 ^ A 
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3.2 Use nodal analysis to find V, in the circuit in Fig. P3.2. 


2 kft 



2kft 


SOLUTION: 3 -£ 



OV 


Ri - 3 k-CLj Rl* R-s - R4 =- 2 . kA - 3-wifc f i s ^ = |mA 

KCL & V, : Vl I + V,- V^. = o 

R| R-2_ 

-3 


V. + 3xio + VjsXu = O 
3 xicr 2 _xio 3 

- 3 V : = - 18 


0 


KCL £ Vi. *. Vz-Vl + i Si + V^. + v±_ *. o 


V^'V, 


*5 


-3 


+ IX 10 +■ ~ ° 

3 2.*|0* ZS* ID 3 


2.X 10 

3Vz - V, = - 2, - © 

>Suip*xufc uJu/yx^. C^u.oJtx'o'rv (2) -i.'Y'- (T) ? toe. 


V 5 =- -.AB- 

O- 


v, ^ 3 Vz^jA jv,^ l lJ 
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3 3 I iikl i'j and V 2 in the circuit in Fig. P3.3 using nodal 
analysis. Then solve the problem using MATLAB and 
compare your answers. 


4 mA | 



— V3T- 

6 mA 


> *5 

4 Kil + 

► 6 kil V 2 \ 

»3 kit { 


6 kil 


Figure P3.3 





KC-L cd Q ; 4 ™ r 4J + X, 

—— 4 . V) r - 2 -wl 

" 3>V2_ -I- 2 V, r 

fTu, - JVj. ^ -2-4 

' OJr- (2) : 6™ -K X r +- 

, u 4 V, - 

^ ’ £<k 

‘ 4 ^ -72 4 SV, -3 Vi 

“ 3v^ 4 q c 72 ” 
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s V, - 3, V]_ = - 2J) 
-4V, +<W 2 -- 7 2- 


V, ' O V 
Vj. - « V/ 

/o M Z' T L A ate. £ ofu-tx’on. Pvo b bovi 3’4 


«= L 5 , -V O; 

JT ftJtvi'v. ** 2-4 ; 7lJ • 

V c iv\v ) H rvi flctvf * 


>> 


V r 


0 * oo 

$•0 0 
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3.4 Use nodal analysis to find both V, and V 0 in the circuit in 
Fig. P3.4. 



Figure P3.4 


SOLUTION: 3-H 





R, = 3kn , SlL-a, R 5 ~ LkSL, 


K.CL @ 

V, v. - ^ 

+ ^ + X 5a . - Xs, ^ O 




R-i 




“3 -3 



< 

i 

< 

i* 

4- 

- _Vl_ , + ^XIO - LiS* 10 . 

- O 


C, x icr 

3x 10 



3V, 

-Vi - 2 .HO 

© 

KCL g 

Vi I Vi - 

+ Vt-Vo ^ Vi _ is. ^ 

O 


Ra- 

Rtf *5 
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Vi-V'. + 

6* lo 3 

V*. - Vo ( V* _ Sx 

2-XI0 3 ' €»X|0 3 

io' 5 ^ 

5 Vi - V, 

- 3V 0 ^ 30 

© 

K.CU out V 0 : 

Vj. - Vo _ Vo — o 


R-S 



Vi-Vo _ _Vo_ ss O 
i-xio 3 lo 3 



Vx- 3 v o 

- ® 


ujtuVicj e^u.oJjL‘crw (3) f WC fldt 

5 (3Vo) - V, - 3V 0 ^ 30 

12. V 0 - 30 - V, _ @ 

^-UjOdtCcm^i © cu^d 0) ^jyy Q) ^ iJ€. 
3(|2-V 0 -3o) - 3V 0 =- 2.WO 

V 0 =- )oV 


itki voJLuc V 0 -1^ e.^aa±x'(rv^ 0)^ we.^ct 

12.0 o') - 30 - V, 
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3.5 Find V 0 in the network in Fig. P3.5. 


# 



Figure P3.5 


SOLUTION: 



2 


- 4 




V 2 - Vo, -t V z z 

Xv L - -ifj 


kcl oj- 


r 2 t -t I iv\ -f _T 2 ~ .X3 
V i ~ V 2> + I M. 4- W - ^2 > 

2-K 11< 

v, - V 3 +- X + ZV 1 - 2 -V 3 
— XVq -f £> V3 — — V/ 


U 

2 v. - 2 V, 


- 2 


- 2v 0 - v, - Zv 2 +- £ V 3 r 2 
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K£- L (b) I - 2m 4 

V 2 1 _ 2 -4 

I K 

2 v 3 - 2v D ~ /,4 

-2 Vo 4- XV 3 ~ A 


_Vo 

2 *< 


A W + r JX 

V 1 ~ _ £i 

2K 


£cl oJ 0; 


ov 0 + ov, -t- 

-*V 0 - V, - 

'2V d -f ov, -f 
°v 0 + v t ■+- 


V, - 

v 3 

* 

>2-1 

2 V* 


V 3 r 

-A 

■2 V* 


$ V 3 : 

- 2. 

OV* 

+ 

xv 3 

= A 

0V 1 

— 


= 12- 


Vo - I 1/ 

V | = \ b ’ A V 

- 0* 2 V 

V/ 5 A-A V 
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3.6 Use nodal analysts to find V lf in the circuit in Fig. P3.6. 


6 kit 3 kH 



Figure P3.6 



KCL cJr §) : Xj. - J 0 -+ X, 

12-Vo _Vo ^ w-t-io) 

2> K ' . L t< &K 

- 3,v 0 a - +- 2-0 

q V 0 f 2.8 

v 0 “ 3 -ii V 
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3.7 Find V 0 in the network in Fig. P3.7 using nodal analysis. 



# 


SOLUTION: 3-1 



R, ^ = 6 k-Q_ , 12. k XL 

(® V, : V, ^ nv 

KCL@ V,.-. V a -Vi_ +. -_v s. ^ O - (V 

fc, Rj- P-3 

@ V 3 : V3 ^ 6 V 


SjubAJtUbu-fciTo^ VoJLu.e3 V, our\ck V3 Xv\ e^u.cdtx’orv (T), ut^et 

, V_l ^ Vi_ t Vt _ _V3_ ^ 0 

Ri Ri Ri R3 R.s 


Vz 





X 





0 
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L * 6 l*-J 6 IT 

V2.= JV 

v b = v 3 

[Vo - 2 V 


# 


% 
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3.8 Use nodal analysis to find V 0 in the circuit in Fig. P3.8. 


2 kft 



1- AY -< 

- AY -1 


12 V (j 

D C 

^2mA 

l 2 kft 


v B 


Figure P3.8 


SOLUTION: 



1 2=zZ v < f 2-y^ - Vi 

LK 

34 - + a ' v, 

4v ( - 

v, =- 1 2~ v 

X. - 

' 1 2- 

6K 

Jo - 2. ivi A 

Vo ' Jo 

^ Zw (_ZK ) 

v 0 - 4 )/ 
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3.9 Use nodal analysis to find V 0 in the circuit in Fig. P3.9. 


2 kft 
wW- 


6 kft 


5 V 


© 


6mA| 


12 m < 3kft 


© 6V © 


Figure P3.9 


Vo 



Jo 

- V. -QO 


-+ /o? = 2.V, + ia 

11 V, = 34J 

V, - 11- SI. V 

-I 0 - V, - CrO 

CM 3^ 

= 12- S2_ -f 4 

<f K 

- 2- O^f rwA 

■+ Vo ~ 3 i^ 1 o 

t 3«. — 

v 0 r 0'27 v 


Chapter 3: Loop and Nodal Techniques for Circuit Analysis 




14 


Problem 3.9 


Ch03.indd 14 


12/22/08 4:40:40 PM 

























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


3.10 Use nodal analysis to find V 0 in the network in Fig. P3.10. 



Figure P3.10 



V, + 2.V, ; IS 

3 V, - IS 
V, 4 1/ 


To = VI _ 

2k.+- IK 2>K 

3-d - Q. im. A 


Vo- Jo Cik) 

- 2. vvi ^ / ic ) 

Vo = 2 V 
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# 


3.11 Use nodal analysis Co find V 0 in Che circuit in 
Fig. P3.ll. 


4 m 6kO 



2 kQ 


8 kO 



4< c k. + 2K 

^2. — 6 V, •+- 4^1 — 4V, :3 V, 

<2>V, - Z, Vl -= 7 2. 

kcl (z) ; J \ J a + J : 

- _w v z ^v f 

^3 ^2. " ^ 4 ^2 — 4 'z, 

l*lV , - 0^2. + ^3 = 6 / 
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kcz-Aj-d); 

~l 2.* V, Vi V 3 , — V_ 

A K SK g K. 


- 2.4 -t 

2 V, 

4 “ 

^ 3 » +■ 

Vi - Vj. 


2 V 

l - V 

z + 



12> \ 

f — 

1 

^2. 

*F 

01/3 

- vz 

* v i 



4 

3v 3 

^ 0 

2 V, 

— 

^2 

4 — 

2v 3 

-- 2-4 

V , 


6* 6 % 

V 




z 

3 * 7 / 

V 




V 3 - 7- IS 1/ 

V 0 - „ 3 . 7 , V 
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3.12 Find in the network in Fig, P3.12 using nodal analysis. 


4 mA 


Figure P3.12 


SOLUTION: 



KCL odr (T) : 2m : v 2 _v Vjt - 

Z* IK 

A ~ v z .+- Zv z -zv^ 

|3Vi - xv* ^ 4 ' 

KCL cz (5) ; J, -t 2 z f /ml 

+ v >.r. v ^ -t 4 m =. o 

I K Z< 

- ZV^ +■ V, - V/ 3 2 = 6 


3 v z ' 2 v s ^ 4 
2V Z - SV^ ^ -20 


v, * izv 

ZV z - ZV3 - -20 


12V 
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= ( 0-4 V 

~ v 

jr0 ** Va 

- 

z«" 

To - 6'* Z wi A 


# 
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3.13 Use nodal analysis to solve for the node voltages in the 
circuit in Fig. P3.13. Also calculate the power supplied 
by the 1-A current source. 


2 A 



# 


SOLUTION: 


2 A 



V,- Vi. 


Vn 


+ 


V 2-' V 3> 


12. ^ Q 

V, - V L z IV X +- ZV 3 

V, ^ Z/g V/ 


\£Vl - 2 v 3 - 


KtL <U: (z) ; Z+ / = O 

- Vi _ __ \ 



6 V z - 2_ V 3 - 4 £ 

V^_ - - -6 


Chapter 3: Loop and Nodal Techniques for Circuit Analysis 


Ch03.indd 20 


& 


20 




Problem 3.13 


12/22/08 4:40:45 PM 



























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 21 


v z =- 1 5 V 
V 3 , 2.1 V 

- *3 6 ) 

-- 2.1 6 ) 

'Sa = ^ W 
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3.14 Find V it in the network in Fig. P3.14 using nodal 
equations. 

i kn 


6 Vl 


1--1 


1 kll 

2 mA 



. 

1 Wir 1 



^ i wij 

• >«*: 

i 


Figure P3.14 


SOLUTION: 


i Kir 



1 K 

Vi — V" x "F J- 


V 2 . 4 2 jW\ 

IK 


V, - 2 1/,- 2 


V, =- 6 V 

2 ^ - 4 

v 2 , ^ - 2 * ^ 


KcL eJt. ® ^ Jo 

4 


v. - ^ - Vi 


K 


1 K 
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V f V3 + 2 - r ^3 

ZV3 s S 

v 3 4 ✓ 

Vo ' If V 


# 


% 
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3.15 Hnd /, in the network in Rg. P3.15 using nodal analysis. 

4kl! 



SOLUTION: 



- Va 




At (^) ; Jj- - 2 

^ < ZK 

- ?4 2-Vj 

V, - 2> V 3 ^ g~| 

V, =- 12. V 

2 ( IZ) - - - )2_ 

^ /Z V 
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Xo = W 

£ K 

^ 12 - 

c, K 

_I 0 % 2 vw A 


# 
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3.1 6 Use nodal analysis to find /„ in the circuit in Fig. P3.16. 

2kn 



SOLUTION: 



KC L && © 2.*^ 

Vi - — £ kh 

Z* 

- 12V 

KtL oJt £0 : J, - A r*\ ■+ _Zq, 

Vi ~~ ^2 > _ <4 kv i -F 

ZK 2.K 

V, - V 3 r S + v 3 
2V S V, - 2 

V, s- IZ V 

2V 3 , I2_-S 

^ z V 

Z 2. c 

2-K 
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I, = 

12- 

yviA 


ZK 


= 


— 2 _ l w 1 A 


2 K 


(§) : 


■+ - 2 0 



- £ rr, ■+■ / 


^0 

7™ 4 


# 
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3.17 Find in the circuit in Fig + P3.17 using nodal analysis. 



SOLUTION: 



" Yx ^ -i- linsi 

CK ^ K 

~ X ^ 2 . ' V^_ *4 4 S 

Tv, - ^ ^ ; 

V, -- -I2-V 

X £'iz) - S'V^ ^ 

V z - - 14.4 v 
v o - T - " /A ■ t-f 1/ 

Vo ■=- ~~ IA ' \/ 
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3.18 Use nodal analysis to find V 0 in the network in 
Fig. P3.18. 



# 



V-, — 12.Y 


Rgz 4k-0- P Ri— I k-D-, Rz - 2-K-C-, Rs - I k-V-, Rh - 1 Ro = 2.kXL 


Kcl@ v, 


v.- Vfe. = 



Y,' Vo 


v,- Vj_ 4 - v. - fa- ^ 3 x 10 


-3 


2- X) O' 


1X|0 3 2-yiO 

iV, -'1V 6 tV.-Vs-fV, - II a- 6 


4 V, - v 5 - lV, ^ \i 
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v 5 - Vi 

+ V*" V_l -+■ V*,- Vcl - O 

Ri 

Ro 

&3 

V«. ' li 

- -h Vj - Vj 

■+ V*- Vo - o 

) x io 3 

'a.xio 3 

l x IO 3 

“V, -r 5 Vj - a- V 0 - 

Z4 

Vo " Vs 

+ Vo - Vi. -r 

Vo = O 



Rs 

Vo" V3- 

+ Vo ' Vl -h 

yp & o 

1 xio 3 

l XIO 3 

^xio 3 

- MV, - 

M V 3 + 9 Vo 

^ O _ 

oJbi'eno (V) 



© 


© 


V| — 18 ~t V 3 2 - Vo 

Lf 




© -t'W © , ue - 

lqx/jj - to Vo - IN _ 

sSj-Lb^jtx'-tu ej|A^och.evv (5) Xrv © ? lo<_ Qti 

-M V| -MV3 -t-qv e = ^ 


© 






o 

_L.1 - H V 3 -r c^V b = 

X J 

-5V 3 + 7V 0 - 18 

Hm-O'WV -Cj>M.OijLC ©vti Cur\ck (T) ^ 

S3 Vo ~ 91* 

Vo - Mix, - 10-99 
S3 


O 


Vo ^ 11 -oV 


© 
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3.19 Find /„ in the circuit in Fig. P3.19 using nodal analysis. 


6 kit 

6 V 

6 left 

► 6 kll J 

► 12 Ml J 

► 12 kfl ij 


Figure P3.19 



KC L od su^iAhJocU : -I, + -1 2 . + Jo z & 

V/ i Y 4 Ya 4 Vo. . _ O 

£k4 6 / 2_K I'L.K 4>K 

\/1 ~t \Z/ -4 V 2_ *4 V_2_ - 0 

Z V, 4- 0 

/V, - WT^JT] 

2 V , + 2 : 0 

V , - --6 

v, ^ 3 v 

IT© =- _W- 

IXK 

- — 3> 

IZK 

J 0 r — 0-2.6 kvl A 
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3.20 Use noclaJ analysis to find in the circuit in Fig. P3.20. 




kc L cjt SujsCMA-ocU : X ~ -f- _T e -+ J 2 

a- v. , A + + v 2 -o 3> ) 

6 K 1 2< i 2l« 

A2V ( = V, 4- 2 v z + Vl -4 3 


3>V, -4 3 V_2_ c. 

V 2_ - V, ~ 6 

^ V, -4- Al 41 

2 V, + 3 V ' X 

-V, \A, - £ 

v , - -2-S v 

- a * S v 

Xo -- 

c < 

' 2 ■ Sr 

X o ~ 0 * i S 2> t^A 
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3.21 Using nodal analysis, find V„ in the network in 
Fig. P3.21. 

3 V 



Figure P3.21 


# 


SOLUTION: 


3 V 



2 A'l 




v*. - Vs 

2-K 


V, - Vo - 8 +■ 2 Vo - 2 V; 


2>V^ - 2.V3 = ( 


v t - 

- - S 

— 

V'n - 3 "“4 


> 

cO 

it 

1 c4 
> 


Ya - 3 V 


S- 3 V 
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3.22 Find V 0 in the network in Fig. P3.22 using nodal analysis. 

12 V 

3 kil ^ 4 kft 


- AV -1- 

-- AV - 

J + 


+) S 4 kn 

i 6 kQ 

T 1 -1 



Figure P3.22 


SOLUTION: 



KC L cJb Su-jz&JLisU) dji - ZL, =■ + JT 6 -+■ ZL 2 

4- V i __ _VV_ ^ V=_ + Up. 

3k 4k 6k Ax+ZK 

A A ~~ A Vj - ^>V|+ 2 . ■+ 2 . v^_ 

|~7Vi + AVj ^2-4 

v'* - . 12. 

pV, -6 V;_ - 12- 1 

7 V. ■+- A v, ■=- 2-4 
-V, + v z = /2- 

V, - - 2.-1 g V 

v z ^ 4 • % 2. V 

V 0 ^ V z o C '- * 2- V/ 

Vo c_ <I’U V 
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3.23 Find V t> in the circuit in Fig. P3.23 using nodal analysis, 
12 kO 




V. - Vs V,- Vl 

12-*. i K 


Jo + J 
3K 6 K 


v ( -Vj +■ IV, - 2.Vj_ b 4 V z -f 1V 3 

V, - __ 

+ 3\zj * 2>J 


V Z - V3 = 4 I 


6 ■*- 

Va- — V 3 " 

^ 4 \y 
V -i ^ o v 
Vt) = V 3 -- 6 v 

V & * ON/ 


2>4 

b 
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3.24 Use mxlal analysis io find V u in the circuit in Fig. P3.24. 
12 V 



SOLUTION: 




_1 0 

V| i~~ W -r 6 i-vi 

4/< £ K 


_ 3>V ( +- ZV 3 ^ 7Z. 

V,-V 3 - I a- 1 

3v, + =72. 

V, - v/j =12. 


V i = 19-2 V 
- 7 * 2 _ V 

Vo -- Vj . r 7'Z. V 
' 7.2, V 
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3.25 Rod V p in the circuit in Fig. P3.25. 

4 kit 



SOLUTION: 



L 5uJ=>eA t^odx_ _X, +■ - -^3 ^ c 


t V,-Va . __ V2 . V3 + ^ 

6K I2.K lxK * 2-K+bK 


3^ -3V 3 -f- 2-V, -2_V^ = V^-4 V 
V. - 4 V 


2-V, 


3 Vo 


6 V/3 - 3 0 


- Va , - 6 _ 

— Vj 4- V 3 - £ 


^ Vj. +- - 3 0 

+ V 3 - 6 


\j 2 ^ - 0.&6 y v / 
V 2 ^ ^.33 V 

JTp - ■ Va.— ^ £l33 _ 0 . wvA 

ZK4- *i( 4tC 

vp ^ " 3-£5 


1/ 
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3.26 Find V 0 in die circuit in Fig, P3.26 using nodal analysis. 


12V 



1 kft 


-O 

+ 

V„ 


SOLUTION: 


t J 3 t J, ^ 1 2 

, Vi *~ 

IK' ' K 


12 V 



KC L oj: ju.jotAuu)cLt 

y 4 ^ 4 

2-k (K 


v, V_ 2 _ -4 2.V, +- 2 . V 2 , 

^ 2 . *■ — 4 V/ 

3V, -4- 4v 3 - -ig 

v, - ^ - i^ j 


V, 4'2-? V/ 

Vj = - -7 . 7 / V 

V 0 V, J - 7. 7/ V 

V 0 i - % 7/ u' 
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3.27 Use nodal analysis to find V 0 in the circuit in Fig. P3.27. 




V, + V, - 14 




f 


±3 & 

^ K 

V 3 « 


\ -V - -* 

4 < 


V. j. - V 3 


2 . S/1 - 2. Uj, ~f— 2- e. O 




(9 

• T = T . *+■ 7V 

. -i o — > — b 


<? 

1 

< 

l\ 

< 

^ - Vo. 

4K 4 K 


V 3 - V, = v, + V, 



;l 3 v, - V*. - ^a, = o 

K -- av] 



1 

2V, + 2.V** 2/, 

------ ------— 

/ 3V, -V 3 ; 12 } 


2 V, + 2 .V 3 ~ 2 ~ 

V f — Voj -12- 
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2 V, + 2V 3 , -xl, 

2 .V, - v s 12 

V, ; tv 

- C V 

v » - ^ c - (, 

v 0 - b V 




AA 




Sl^OUJLdL lA-oi^d JbUjkt XLuA U-'y LUU i 

Ol b oXjom c£ d bJ bu-cUr s Lo b^Xdj^L . 

JlLjl uJ: s/q 


AJL 


XJ> 
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3.28 Use nodal analysis to find V a in the circuit in Fig. P3.28. 



Figure P3J28 


SOLUTION: 3-2.8 



- 6 v - © 

v 0 -v, ^ S9V _ ® 

KCL S, ; \4-N/n jj. Vi- V(, - 2 .x io 5 + q>cio 3 i V 3 _ o 

R| R H Rj ' 

-2.V, + 3 V^. + xV 3 - V H ^ ® 

kci & Gx : i -xio" 3 •+ _Vo_ v r v^. -t Vi - & 

R*. Rh R 5 

V 0 -f iV, ~ V x - _- © 
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- 5 

Kc.l cut V H ; Vu - Vj. - q* id + Vw =. O 

V 4 - q ■+ V* _ 


-fcu. hVig dip^oJtLOrvVj 0 / (z) cxy\d (g) ~vrs (£), >ue.^-tt 
- 2 -CV'o'S9)+ 3Vj. + -+- V^ = -1M 

-4Vo -t r -3H2. _ © 

Sjuix4tc^tuttv\g e^Axoducrvv 0 Jin © ; U)e.^cJt 

V z - 3 V 0 - 174 

6LUi?«StC^UJtxV^ 'tki. V6JJJL€- Va. JJO €^L4jLodUt9v\ ( 

-*fVo t P(3Yo - no = ~ 342 - 
Vo - 53*1 V 


Vo - 34-0 
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3.29 Find V () in the network in Fig. P3.29. 



SOLUTION: 3 . ^ 



I k-TL 

+ 

Vo 


1CVL : V,' V x + V 3 + V H -f" Vo * O 

^ _ 6 + 32. + 4 + ^0 - O 

3 4 t Vo s ° _ 

W 0 = -36-0 / 
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3.30 Find I D in the circuit in Fig. P 3.30 using nodal analysis. 



SOLUTION: 3-30 


&r 



R, - k 3 - 12. k-C- 


Kcu V, : V, _ Ic -I- V. - Va^ O 
R. Ra. 

V. - 5 H>io" 3 +■ Vi - v 
12-y IB- 3 n* io 3 

2_ Vi ~V X ^ 6M8 


O 


CD 


KCU Va_ : 



© 


Vi-Vi , 5X x + _Vi_ ^ O 
— *5 

+ s-3_ + Jk- - 

3 15 xio 5 h vi 


o 
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2V, tVa. ^ O _ 

Enovt/v. €<^at_icrn-i Q) <xnd (3} k>«- ftct 

Vi - -32-H V 

^Su>bs kWt VcJlkjlC jl rw e^-uodbiena 

Jo - 36 ^ 

*3 


lo - - n ■ o A 
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3.31 Find V B in Che circuit in Fig. P3.31 using nodal analysis. 


12 V 



kCL edtr 6 i^>eAt/u) cLsl X % ~ ST, + ZT^ 


Vo — V, 
2 _ 

I K 

V 0 =- v x 

v% — V, 

2 - 


V + JYx 


- ZK 


I < 


Ik 


__^L 

2* 


4 


IK 


V ^ - 2V ; r V 4 2 V z 


3 v i a- Vo - o 


V - V 


— I 2_ 


- V, -h V, - 12 


j 


^ V I •+ 

-V, + vt 


- 0 
- I 2 


V, ^ -3V 
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Yz. - ^ ^ 

v b *. Vj_ C 9 V 
- 9 V 
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3.32 Find V 0 in the circuit in Fig. P3.32. 



SOLUTION: 3-3 2. 


V 0 



R, a- P-a. =■ I k-n- , - 2- W ' £1 * 


KCL & V, : 


Vi - t V i " Yo . - O 

-+<U R -3 


y, + V, - Vd ^ PX IO 

IV Id 3 2.V to 3 

2 _V, - V G ~ 18 


-3 


VojUro^e. DCvjlijlow : Vy ~ V t 


R.1 S. 


Vv - Vi_ _ 

3- 

KCl. V B : - H Vx_ + Vo ^ Vl. * Vo ~ O 

|0 00 R*3 P.L, 


G) 


© 


Vo - Vi 


Vo 


= J-v*_ 

looo 


1 X lo 3 1 X lo 
<5j4jaA“tt 'Vrtxdj.V^ £c^QdLxrf^\ C5\ ® y lO-€- 

5 V, - jV b =, O _© 

ktowY. e/>->uccU'B^ (D fltk 

\y 0 ^ laoV] 
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3.33 Lise nodal analysis to find V„ in the circuit in Fig. P3.33. 



SOLUTION: 


10 V v 





O 




KC-L oJt X z ~ X*. •+ 

V | "" ^ V; _ / Z. 

6 K ' 4K. 

2-V, - z 3v a 4 144 

2-V. - £ v/i - 144 , 

X-'-' 

V, - V 3 - I 0 VA* 

' v/ 'VC '■ 

v ( - - fb \4 
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V, - | O - v 3 ; o 

„ , I —— 


XV, 

■+ 6 Vj. 


3 V, - 

0 

XV, 

- 5 V z 

4 

°v 3 - 

144 

v, 

- 1 o 

— 

v 3 r. 

O 


v ( = 

1 S 

0.4S V 



r 

5 

1 * 2> V 



- 

- 1 

62 * 7S 

V 

Vo 

' V 3 : 


— 1 6 2'1 

* V 


Vo ' ' l£ Z* 7<S v 
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# 


3.34 Use nodal analysis to find V 0 in the circuit in Fig. P3.34. 



Figure P3.34 


SOLUTION: 3 3H 





V s - Vi ^ 2-OOOlx _ ® 

I x - Vi Va. _ ® 

S e^-u-£x±A.efv\ $) -x.v\ ^ f U) <. ^ 

Vs - 3 - Vi ^ O 

Vi - J=- Vj _ © 

Kc.L (Q S^iJLH'yvode : 3 

V 2 .- Vi_ + Vt. ^ _V5jJ/o _ 3*10 - O 

R, 12-3 

4 V, t V^- 3*,o' 3 , 0 

UXlO MXIO 2LX10 

q V 3 -t- H Vi - V, - 6 V 0 =- 34 -- (D 

KCL. @ Vo : Vb -+ Vq - V^. =. O 

R«i ^3 

Vo -t Vn- V 3- - 0 
^xto 3 axio 5 
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3 V 0 -2.Y3 = o 

v* - _L.Vo _ © 

b.’vv^ ©rv\jf O cund (§) (%) f uj€_. ^ e_fc 

X4 V 3 - 18 Y 0 - tor _ @ 

SuJtXdrU. fcuj>U.Y\Jj e^-U(X^u'ervv (IT) Jur\ Cjt), Uj e. 

21 v D - tor 
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3.35 Determine V 0 in the network in Fig. P3.35 using nodal 
analysis. 



K CL Qi) • 2- f X- -h Jltf 2 

_X OC — 


2 


r 


Vo - Vi 


4- 


Lf ~~r V'V'l ' O 

V2 - Vo> 

11C 

Vi* +. .2 WL ~ 0 


IK j 

2V Z - 1V 3 


v^ -f 2 =. 0 


2 V z - X V 3 ^ ^ - 


2_ 
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Kcl ajc 0*. - Id 

^2-' ^3 4 . 2-m - 

TT" ik 

V 3 + a- = 

[^ 2.3 . 

lie L ol 0 : 2- X * - ^ ' + :C 


2- 

V x - V3 

1 _ Vi _+ V, 


L nr j 

TIS - 1 14 


1V 2 -2Vj v . 2 V h 4 V| 

T zv, - Tv'^ + 2V 3 - o 


V v * 

- \2- - 2-V 3 ' '2- 


-2Vj 

10 


- ,0V 

V Q r V 3 - 

- 5 V 

Vo s 

- 5 V 
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3.36 Determine V u in ihe network in Rg. P3.36. 



SOLUTION: 



( Lcrzb Vju J2 c ^ % 

1 




V 1 

' IK C r 

-4i/ 

kv i_ 

12-^4-+ 

2 + 

JUoojp 

Vo = 11 - 

% 4 - 


Vo ^ \2 
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3.37 Find /, in the circuit in Fig. P3.37. 



SOLUTION: 



fc£L- J " + = -13 

1 " * 1 3 - I* 

K'CL ' J _ J " + 61 *, 

JT -^3' if + & ^ 

kci. : JT 3 r io " 1 vu +• li 

'lj4 T 3 r /O '■ 3 K. 
Vx - 2.* (j 2 - It, ) 
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^ 3 ^ - lo- 




Ci-x) Ch - ~X) 

I±±II 


KCL : X, -f 6rv> - 



KVL: 3000Jlx + &KX, + 6KTif -h 6 kI x - 0 

30T7>^-J^ w + 6 KJ 4 + &KX 2 . ~ O 

^5KZ, -f 3*i 2 + 

KVL ; 4 K T ' -+ ^Kj; -f 6KX 2 ' 0 

ft- 4K Cj 2 'J,) + 2K f 2k(r r T^A &kl 2 

-4Kl, + I0KZ 2 •/ 4 KI 3 - 4 fc - -/2~j 



^ KI, -t- I okJ-l -+ AkJ i - <1kI^ = —(2. 

X* r " I •£ 4 rvi A 
X^ ' -6 w A 


X- c 14 - 7 yv\ A 


X^ 4* 3 6 
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3.38 Use ncxlal analysis 10 solve for l A in the network in 
Fig. P3.38. 



SOLUTION: 

V t 311 V & 



3 


+- 


2 


Vs~ ^2 
IZ 


AVu - 4l/r + = Vs ^ Vi 


V* 4- ” SV r - 


KC L cut 

VjT - Va- + v, - Vl 

|2_ S? 


-^3 ** J i = ^ ~ A 4 2- 

£ -t JA, + 2 

S 


5V r - S' Vi. 4 7>SV f - “7. S~ Vi - 3 00+ llVa -t-12 0 


“7-S" V, 


!• S Vo 


- I ZV3 +- 5 V s ^ O J 
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^ - V, - srr„ 
s 

S - ^ - s-^Va/S") 

|~ ^ = o~j 


*x +- + X a "0 

S"~ +■ 6 

S' 

+ * o 




SV/i 

*f- ^t Vo, - - | tro j 


ov, 

+ 

^2 

014, + - rv/ r r -24 


7'SV, 

— 

^ 2- 1 S ^2 • /1 V/j 4 - O Vy S’ Vg- — 

V/Z 0 

-4 

■t' 

0 ^ 

— V 3 +- 4 - 0 V r - 

C 

ov, 



-'V / o ) -f“ DV^ -f 0 Wf x 

1 t 

«V, 

+ 


+ ^ t ov r - - 

- / 


v, s a» - 2 i v 

v z ^ - | I . ox V 

v 3 T -2.^- 01 V 

V t( - - 25". V' 

r - I S • 0 S" V 

X fl - Xl _ -2A |. 0 2 

5 S 

T a r - S"-S 4 


' V ( ' 1/3 



Kc L cdt Ai-icAt(ACX / 



5 V, 4 1 ro 
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3.39 Use nodal analysis to find VJ, and V* in the 
circuit in Fig. P3.39. 


12V 



# 


SOLUTION: 



Va.- ^ +. V z - V 3 
6 10 g 

^ V I " ^ v 2 ' 1^2- - 2.W, +- 3.7SV> - 3-75^ 

[SV - 11-75 ^ -f 3^75 t/ 3 ^ 3 Xfr ^ 5 ~/ 


Kt L ojt ^S^j^S-A^voctc 7 + 2T, ^ Xr -f =4 



34 ^ 

^ + 

J4 - 

/ 



IO 

/ 


V, 4 

3 73 - 

~ 3 -f 

2 0V3 r 

20 

/£^ !. 


't 0 {/^ 


- ZO 1 
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v, — v 2 =- it 


# 



2- -+ Z V3, — - o I 



- 

1 / . -7 S' 

Vg_ H 3 

■76^ 4- 

3 - 

SV, 

+■ 

2 

-1 2 O v ^3 

- ^ 

' 2<0 

V, 


OV i. 

' + 

- 

/Z 

0V I 


- 2 V, 

4- 2 V 3 

" V' H r 

0 



V l - 

V 





' 

l * 4 S' 

\/ 




V 3 : 

- 2*31 

v/ 





- 7 < s 4 

V 
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62 


3.40 Use nodal analysis to find V3, and \\ in the 
network in Fig. P3.40 



SOLUTION: __ 



Q-C Vt, , l/j^) + V3,- V i. __ y 2 ^ v 1 ^ V2. - 

/O " § " 2- 

+ 4Vj — z v v^_ - 

j 5~v f '-~2^\/ z - -7 6 V/g f- "Toov^ c Q 1 

v 3 ~ 2 DV 

M ^ V 2 -f l DOV^ z /bZD , 

K d L fiLir ia-OcCg. I Q +■ _T^ ■+ J j ^ JX, ■+■ 
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1 O 4 


Vi - Vc, _ V, 4 

V 4 . l/ 3 


s 

2- 

r 

Aoo 4 

- sv, 

2 0 - 2 £> t/^ = 

f OV, + 2 X/ij 2^3 


l S'V, H - - 1 % Vg z - 4 OtT] 


j- ) s V, -t irv, - 2^ Vt, r - S' 6 Q 


1 f — » I > 

v , - H = 

■ ' '2 — “ ’ 4 - 

J* = 

V3 - 

1 0 

' w, = 4 

f V3 - Vx ") 


^ 10 / 

0 V, - 1 0 

- 4 V 3 . 4W. 

j~ 1 0 V, 4 /,V a - 4^3 - lOV^ 0 j 


IOV, 4 - f Q - g D j 


5v, - 2-<¥\4 -H lOOV^ IS"Z0 

"I S~V, 4 - Z ? ^ - X ^ S £ 0 

IOV, 4 A'/j - I O =*■ So 

V ( - 2.1 ■ 14 V 

v z : 4 * o 7 V 

- ' 6> 77 V 

V 3 = ZO V/ 
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3.41 Find l 0 in the network in Fig. P3.41 using nodal analysis. 



# 


SOLUTION: 3 H| 



R. 

=- Ra.- 

& k-H-, 

P-3 - HkiL I 0= V. - \k_ 

*3 

_ 0 

<® 

V, : 


sv 

_ © 

kCL ^ 

V^- : 

Vi. - V, 

*1 

^ Vi + Va.-Vs ^0 

R* r 3 




V*-V, 

6X|o 3 

+ Vz + Vl -v 3 = o 

6 X i o 3 H x I o 3 




lYj. “ 

5 Vj "2 V, - O 

_ ® 

e 

V 3 - 

v 5 - 

31 V 

- 6 ) 


(?D a-rtd. (5) jjr\ (S), 

l v 2. - .iV, O 

1 - 3(30- a-£-0 - O 


Vi=- " V __ <f) 
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e^AAjOjtx'evvA 


Jo * v t-V* 

P-3 



(5) cu-\dl © 
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3.42 Use nodal analysis to find V 0 in the circuit in Fig. P3.42. 


12 


1 - vAAA— I 

f - «W - 1 

6 kfl 

4 kXl 


> 8 kn 

:D 

'-? C: 

4 kU < 

r 


— 


120 V 


Figure P3.42 


SOLUTION: 3-42. 



*1-6 k-fL , ^ H LXL ( - 3 k_0- 

V |& _|Z V • V 3 ^ 2.0 V 

K.C.L Q V A : V x - V, + Vx-Vo + Vx- ks & O 


R| 

Vx+ 12. 


R 3 


Rx 


v*- Vo + 3 -q - o 


6 V lo 3 ' &X\o 3 4xiO 

=*> 13 Vi - 3 Vo =- 72 L 

kCL (D Vo Vo + Vo - v*_ o 


(D 


*4 


V* - Vi- —o 


4 xjo 3 ' $ Xio 3 

*=-> 3 V 0 - Vx - O 


_ © 
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Enowv e^^ajb.ev\4 (T) rxnd (£) f ml <jdt 

12. Vi. ^ -72. 

V,. ^ (> V 

-Ukt VOj>U,e. Vj _ jjr\ g^Xodfct'evv, ^ f UJt ^e± 

S Vo - Vi — o 


V 0 =- 2-0 0 v 
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3.43 Find 1 0 in the circuit in Fig. P3.43. 



SOLUTION: 3 . 43 





£ 

V, : V, - JL4 V 

-- 

© 

KC. L @ 

V*_ : Vi- V. Vi- 3 . + 

Vi_ - 

o 


R> <u_ 




v^.-^ + Yuz 8. + 

, 3 ' 3 1 

4xio m y io 

c 

&xio 3 

o 


=?> 8 Vi - 3 V, ^ 2.4 


- ® 


&uJo£U* (T) V/v\ © , k3-€_ ^ 

8 " 3 v, - 2-4 
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=> [ 2 . v 

Xo-~- . 

P^L 

X 0 - 1-00 'WlA 


# 
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3.44 Find V 0 in the network in Fig. P3.44 using mesh 
equations. 


1 v 86 V 



SOLUTION: 3-HH 


*i 



96 V 


-0—p 

TQ *3^- V o 


R, ^ - 4 k-C_ 

KVU@ X, •- X,k, ■+ l + (_X, -IOR* & ° 

X| (^vxio 3 J *+(_!,- X>) 3 " " I 

8 1, ' H - -1 X i d 5 __ © 

kVL @ X*_ : CXa.' X, ) r, - 96 + X x H s ^O 

-9 X, -t 16 Ij_ nZ. x to _ Ql) 

fviovvL e^AxoJcCeer\-s © and (2) y uj€_ 

H Xj_ =- 111 X 10 5 

Iz. =. iIi.xio" J A 

12. 
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Vo- 

I-M "5^ ? 

= HI X 10 X4XI0 

12 - 


Vo ^ 5loV 
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3.45 l 7 ind V in the network in Rg.P3.45 using mesh equations. 


12 V 

4 V 


LJ 



E 2k “ > 

j2kii ; 

► 2 kn 


Figure P3.45 


SOLUTION: 


12 V 4 V 



x , * X + Xz 
T -- T, - 


KVL Uob ■ 12. = 2KT, + 2K2 

.. .. 2.XJ , + 2_K , - Jj. ) . IX 



, - ikJi 

* 12 j 


KXi- A«tvt 


4+ ZkJ x + 

2-< C~ l) - 0 

V 


2-Kl, - 2 LK 

Cx, - ix) -4 

(- a KJ, ' 

■+ 4 ^ - 

--4 


4 KJ, 

- 2.KJ ^ 12. 


-2KJ ( 

x J z 

~ - A 



T,^3.333 m /\ . 7 r O- 6 4 7 r^/1 

^- 

Vo-' TaO-K) ^ 0 -££ 7 (lx') 

Vo (.33 V 
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3.46 Find /„ in the circuit in Fig. P3.46. 



KCL ojL' SutdA t^vcU : X, - Jz 4- To + J 2 

3-V , __ , JW + VjsOJ) 

c*. I^K ^ K \2X 


L - o. v; r v, + 2 V; 4 \4 + 3 

3 V/ + 3 V 2 r ^ | 


I I 

-V, -t v 2 s 6 [ 

■_! _ - - -w II " — 

. 3v, -t- 3 v z - 2 

— v ( + V A - 4 

V, * -2-S' V 
Vj ^ 3.5 V 

.Xo ' _ 3 ^ 6 " 

6K 

ITq r 0'6”*3 33 vwA 
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3.47 Find V 0 in the circuit in Fig. P3.47 using nodal analysis. 



SOLUTION: 3'Ml 



Ri - ^ - | k_Q_ , - 2. k-fl_ 

Vo-V, Vz= 53 V 

KVU ^jLL)aAXv\Octe # 


Mu + VL-V^ •+ M&— -t Vo -Yi. o 
R-! c. a. #5.3 

4 V, + 3 Vo - XI2. _ <g) 


e-^MjOjtxervv 

»•)-*■ sv p ^ 

V Q - 32-.0V 

-- 


0 

i|2- 


L*W 


© 
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3.48 Solve Problem 3.23 using loop analysis. 
12 kn 



6 kn V' 


SOLUTION: 


12 kil 



6^-Q. 


1<CL- : Ja - l' + -Ti 


1 r 


r - J, 


KvL / 

j 1 Z A 

cjr, + 

3 — 

i° 

U 

kcu : 

Xo F 

J 2 ' 





J 0 ' 

Ji - 7 3 


kvu : 

6 + 

J 3 

+■ iK(f- 



6 -F 

£ K 

- =■* c>. 



-3k 

3 a + 

^K 2 3 ^ 



o 


kv l 


12 - +- & +" & kJ 3 

K (\z ^ J- i") -P £ k J % - & 


— £ k -C) -f~ k. X'i ~f- 6 K X 2 C J 

) 2 _ 


/ 2- K -h 0J 2 + 6 * -Tj 

0 J, — k X 2 "F 9 K .X 3 " ^ ^ 

- 4KJ ( + 6kj z 4 ~ 4 
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- t A 
X 2 - z 2 wi/\ 
= O A 

Vo r CU Z n, 

v G ^ ^ fo; 

Vo ' o V 
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3.49 Solve Problem 3.27 using loop analysis. 



SOLUTION: 



KcL : X, = J •+ J-i. 

X - J, - 

KCL : j '-4 a 3 = J , 

I' = X,- I 3 


kvl 


kvl: i2_t 6 .kt,_ 

' - lx) -+ 6tCJi x IZ 

I - £ xiT^” 1 2- * Xz 


£ ^ -I / *4 & K 2L% —I- 6 ^ J 2 ^ O 


J 


K 1, ~h 6> K X_2 6 £ 3 ^ ^ 

I % KJ , - 6 K T 1 - £*jT 3 - 0 

' 6 KJ, ^ 17X12. + 0 X 3 -- 'X 

-T, - 0 A 

J» > I ma \/ 0 , - X,C &k ) 

r 3 -- ~i Vo o v 
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3.50 Use loop analysis to find V a in the network in Fig. P3.50. 



SOLUTION: 3 SO 



^ - t k_Q. , R z - ft 5 ^ z k-O. 

x ,' z 2 - - ix 10 3 A _ <T) 

r, ie, -f- x x -t x z r 5 = o 

I, C.^'tRO T 

§X|o ! Jl ( r ^3X1-0^) - SL/ 

X| + la. 1=1 IO _ ® 

Gtov/v O^xlcUU ervus £3) cxnd (2) ; toe, ^ c,t 

11, ^ 30 X lo' 3 

T, a 15 *nA OV\dL. I3vmA 

Vo — 1^2- R 

. ^ -i 3 

= lo y i x i o 

Vo -- >5-0 Vj 
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3.51 Use mesh analysis to find V Q in the network in Fig. P3.51. 



SOLUTION: 3*51 



1 

R\ 




[ 

2.VH. 


Msv (J 

D fx]Rj 

aiL r^] r 

WT 






kVL £ I t : -MS- -* - O 

I , 2-^-3-— Mr 
q*io 3 C^|) - 6 xio 3 (^)~ Mr 
x, ^ q * [ cT 5 
- 

KV la. : -Mr tl, |?, -t X^e 3 TVo =- o 

-Mf*r fjq%ro~ h x 3x» o 3 J t 4X10^) v 0 - O 

V 0 ^. 6.00 V 
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3.52 Find I 0 in the circuit in Fig. P3.52 using mesh 
analysis. 


2 mA I 


3 ktt 
VvV- 


© 




3 V 


3 m 


6kfl 


Figure P3.52 


SOLUTION: 


2 mA 



Le± iWz ioo^ cuMe'nis be. ±, 


A 


Fyoyy\ -taoj* ^ * 


1 , -- ® 


/\ b 1 2 / f ^ K\/L ivn «sec0Y\d ♦ 

5 - 3I a + 6 (l , + lj.') 

=? 3 - 41* + 61, - 
Flow) (V) 

3 - q(x a ) + 6 1, = <U1 A -+ 6/-5) 
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=> 


15 

q 

5_ _ V6&? wA 
3 


To ' la a 
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3.53 Find V 0 in the circuit in Fig. P3.53 using mesh 
analysis. 


6 kfi 3 kfl 



3 mA 


SOLUTION: 


6 kft 3 kO. 



T 2» be tu>o -too\> cuv*<?Kk A • 

F"*0YYt 100|5 X 

T x - 8 ™ a - © 

\<V L iv\ AV\e loo^l ; 

\a = 4 Cx,+i 5 ) 3-^(i t +©)+61, 

\x = 121, + 6 x a — ® 
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SubstHuiivg AKe voJut l a in 

=> ia = lai, + 6/s) 

X, = -2>vnA ~ (3) 


V 0 = - 4 x C T i +1 a) 

4 V 5 -- -U-3 + 8) 

4 - - 4 / 5 ) 

V 0 = - c? 0 Valis 
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3.54 Use mesh analysis to find V 0 in the circuit in Fig. P3.54. 


2 kO 4 kO 8 kfl 



Figure P3.54 


SOLUTION: 

2 kf> 4 kfl 8 kf> 



Lei the J.oo\> CuAhev&s be I, } l a 1 b wiA 
Cki sbocon (y\ Ake djoQ^aY* ■ 

l<VL lv> fke Uooj* ' 

6 = (1,-2^) 

=» 6 » 61, - 4i a — 0 . 


kVL Abe. iooj^ .* 

o = 4 (vl l )t 40 ?(vlj) 

-7 0 - 16 — 41 1 ■+ S1 ^ — (S) 
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"tke "IkjYc! X °°p : 

J 2 - <5 YY) A _ (3) 

Fkow e^uaiioiA © ^(3) 

O - 16 Ij, - 41 , + 8(A) 

^ \6 - 41, -I6l a — © 

=) 4 * X l " 

6 - 61,' 41* - © 

SolviM ^e. 

J = 51, , 1, * -§- - °‘4 W ’ A 

-T - - 0*^ ^ ^ 

y - T^x4-K = 4 - -3*6 Voiis . 
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3.55 Use mesh analysis to find I g in the network in Fig. P3.55. 



SOLUTION: 



LlF 3-, f I A qy\c) 1 £ \v^e 4oo|i CuM.evvic 

(y\ vo A) &S sKou)y\ . 

|<V L Mn J oo}* r 

\i « 5 + 3)1, 

=> IA - 5 1, -<3 1 X - (L) 

I'Yovyi 4V)C &etOY\c)< : 

^ -I 5 - 4-© 

kVL ir\ 4ke >(oo|^ o ujk&i -to iooj* a ^ 3 

O = 3 1^ + "+ <2 (i^ - 1| ) 
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=7 0 = 5l a + 3I 3 -*I, - © 



So 




^ Lve^jcf 


X, = if-*. , V- §•«>* 

X„- 1,-li 

=5> T -12.-1- =.1- ■=■ 1 VnA 

x 0 5 3 3 
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88 


3.56 Find 4 in the network in Fig. P3.56 using loop analysis. 



6 mA 


SOLUTION: 



16 rnA 


Lei -L / , X^ X3 be ike Aoo^ CiMA ((y> wnAj. 

KVL i/N "IVt. Aooj> 1 

la = i (x,+ 1 £ ) -t ixi, 


=> ia = ai, +1, 

F-row Ike. {lutcl Jooji 


(D 


x 3 = 6 Wi & — 



KVL iV> the secomol iooji ; 

1 (1,+ 2^) + 1(1*) + lG^-ls) =o 
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1, + 2>l a -ls = ° 


© 


fi ow\ (^) (£} , • 


T, + *!* = 13 - ^ 


f tovv» (4~) • 

IS. - <2 I, + l* 

6 -1,+ bI, 

=> IS. = J L + 61 , 



0 



5 1* =° 


1 *r<D - e ?-® 


Oh 


Tg - ovnA 
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3.57 Use loop analysis to find l a and /j in the network in 
Fig, P3.57. 


6 kO 



SOLUTION: 

6kli 



kc-l : Xo + S 2 'Ii 

X D =- J x " I 3 

k c u : S x * x + Zo A Si, 

s ^ - s z s 2 - 

S - J 3 - 2 ,, 

K vl. : 12. ^ -2 it I, 

S f - — £ /vi A 

k v i- • / X — It Cr ^ ^ 2-'t, 

-^KQ-Jo) + 6 KSi f 

-4K CSt-Si)-*- &£S^ = 12- 

~ 4 K S 2 -+ 4 + & k - if z (2. 

IA K 1 3 + = 60 7 
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KW_ * 1 g ) +- XX'J ' 

(Z z -Zi) + 3< (Ts-Zt ,)-!Z 


# 


’7r 3 -4-j J .-3i 4 . = )z ] 


KVL’. 


6 k I^d- 


3k Cv r O s0 



r 3 iOmA 
- 3> 3 3> m A 




i2.rv^ - lOno - 3mA 


Jo 3nn A 
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3.58 Find I 0 in the network in Fig. P3.58 using loop analysis. 
Then solve the problem using MATLAB and compare 
your answers. 


6 m 



Figure P3.58 
SOLUTION: 

6k<> 



1 3 ' -L o 

KCL ; ; i + JX, 

I - 

KCu : T, + -I ' - 1 3 

I' X 4 -J, 

k vl ; |<V L ^ ^ : 

|3Xi -_fk' 6Ii = 0 

[gFV; 5. £o] 

; 6 + 6K £ + 6/CT ' -t 6kXo - O 

f<J 3 r-S 

/ - I 2 K I, + O zJl -r- -TlfL 

«C L ' JT2> ~ Xno -+ X 2 . 

— -F Xt, x Xrvo 
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(jLj>Qrn sCMac ^ UsOAZoyU uOCJtt, <3s 2/5- 0< 4-rr>A 

M A Tl_A & Co Sjl o>vd SoluXLervi P> o (rGurv\ 


^ - [ 3,-1 ,-i; 2 0 ; '2,i]; 


_X rw oJchx vc - i a v # \J 


>> 

_X rvO ctb\ i x. ;r 


- 0* 00/ 4 

- o- ao 44 

o-oo o£ 
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3.59 Use nodal analysis to find V 0 in the circuit in Fig. P3.59. 



SOLUTION: 3-59 

A 



Ri ^ - \x k-n. ,r 5 - ail 


V, i - h 3 V 


0 

KCL^Vz-. V^V, Vj. — Vs 

-1- ° 

K| R-3 

R-x 

kCL@ V x : Vs-Vz + 2_*io" 3 

-3 

■f 3V 10 - 0 

*3 

Vz - Vs - 3 0 

© 

fvL©YV\_ erw-j 0) OUO a ? 



Vo - 30. o V 
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3.60 Determine V 0 in the circuit in Fig. P3.60 using loop analysis. 



Solution: 3-60 



V 0 = l H i»* 


kvi g Ij =0 

X-5 C^^') ' ^ 

SI s -I 4 - -«.XI 0 ' S _ (f) 

KVL @ I 4 : R^3 -32- i-C.S =- O 

2 “ ^3 - 32. X ; D 3 __ Q 
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5i H - lo xio 3 

X M = 

Vo - £ S 

v 0 - i&x 10' >|o 3 


Vo - 18* O V 


# 
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# 


3.61 Find I a in the circuit in Fig. P3.61. 



SOLUTION: 3-61 



X s - X., M x i o 3 A s Hmn A 

=*> £3 - Hry ,A T _ 0 

J 4 _.t 3 ^IP<Io" 3 A^ / m A 

^ Xt f - Ino A d - X 3 s. 5vn A t I ( _ £) 
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# 


I, ” 3-2- " X 0 
-> IjL* X, -Xo 
K.VL X 


© 


: th-T-,')*-, -r ~ O 

X^C^XIO 3 )-1*I0 S X, ~(_2XI0 S )X 4=0 


-> M X a ' X, - I H = o 


© 


kvu 


-jjs*. Su| 5 «*.v«e,s^ ; - M -t X* +■ J M Cj- +I3R.3 - o 
X^x.o 3 ) + I M (2y/o 3 ;+ X 3 (^4 X/o 3 ; = 4 
=> 2-X^-f I M t 3I 3 ^ 2-Xlo" 3 _ ® 

(3^ <Sun<d © JUn $), 

^ (I, -I©) ~ 3h _ + X, ] - O 

-3 


2X| -w Xo 

S-uJs^JU' -txA-b! 


- 5xio 


<9 


)^Ax -txA-Ur^. c^xLft^bJcywi CD , (i) ^ (5) Un ©) / 

2-C 1 ' + 5 XIO 5 + X| + S^XId" 1 -t I| ) =• ix io’ 2 

► X, - a-I„ - -I Txio" 5 _ © 

> e^-uaJti‘ov\4 © GLnd © ^£0 e. ^ et, 

\r c ^3-oo v^ a 1 
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3.62 Use loop analysis to find l 0 in the network in Fig. P3.62. 


1 kil 



SOLUTION: 3*6 X 



Xj. — 2. m A 

-£-H " = "'” = Xp + Xhn A 

— 13 — A 

X3 = X 4 — ^x/o 


0 
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— X Q + z> H *io 3 

i 3 ^ l 0 - 2 W 3 — © 

KVL @ X, : -IH + X,R,+ (l,-I a .)R i + Cx,-X 3 ')R 3 =. O 
X, U.+ ** + 'I 3 R 3 =1 IH 

Su-bstibulivig X^- 2 _mA ; I 3 - X e - i w fv lw o-bov-e e^-uoiicrn, 

31, -Xo ^ IHxio ' 5 _ ® 

KVL@ iju^rv^k : HH ■+X, e, + (X| - XJRa + (I M + X 4 *4 + = 0 

X^-HO-X*(R a .-far3 + I 3 RH + XHC fc S t r 0 = ,ty 

2.1, -il* t X 3 +U H - IHXfo' 3 

a.x, - 2 . [2. y\ o' 3 ,) + i 0 -2> id 5 + i(i 0 tixio* 3 J = lHx/o J 

zi,-r5r 0 ^uxio 3 _ © 

Fxcrvw -e^u/Lti-erirvA (3?) onrvct © , U>€, 

— I - 82. m A 
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3.63 Use loop analysis to find I 0 La the network in Fig. P3.63. 



SOLUTION: 



X>_ - 2m f\ 

Kc L < Id — Xt 11 

i= 

^cl\ i'+ r 2 .- X, 

KCL ‘ I 0+ 

X D = 

Kvl‘. 0= iz + llcl, +lkiVlk(-r) 

ifcl,t -12- 

3k I, - Ik. ±kl 3 = - IZ 

^ 3kl, - itr 3 T- id] 

Kvl- lkx 3 + ikl r 0 

llcXj itl v =- o 
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iit I, 21c = 2. j 


XCL‘. ■=. 4 -*^ -h 



xvu: o = izt ifcl |r lkl , + lkl 0 ^x v 1'l) t x j 
ltlj +it(I r 3^ + ±t(^r r 2m) + ik.I w+ 

2k-l, - ifc X 2 . t i^T -3 -+ 2LkItyr -10 

2k 1,7" "J xTj + a kly, 


3kx i - l^x 3 --Id 
-ik- 3 ,-* ak-l 3+ 2 k I v - 2 . 
— 2 ^ -t X-| - 4 rn 

T, =- - h* 

X^ - - X ' S'S'noA 
Xlj =. k if ‘Tnn A 

Iq ® ■ 2 or 

T - I' 4;Tro - 2 or* 

*’’5 

I 0= . - 
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3.64 Use loop analysis to find Vq in the network in the Fig. P3.64. 



Figure P3.64 


Solution: 3-feM 



V f> = - © 

KVL £ Ij. : ' I, ) ■+ la-Rs- + »*• =0 

w A 
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kvL @ ij *. -$ -1- Ri + (x 5 - = o 

X 5 (S, + R 3 } *" X[ Rj - Xq k .3 - 8 

x 3 ^ixio 3 )-(sxio^j^io 5 ; -ic,(V;=$ 

16X10 3 __ @ 

KVL (® X 4 : (JL U ~X Z ) R .3 - li f X W R W = O 

P- 3 ‘ t Rt O X 3 R .3 _ 12 . 

(3XI0 J J X M - (ip 5 J x 3 = 1* 

3I W -I 3 & UXJO" 3 _ ® 

F>co*wv. e^^odU'wM (£) cwrvd © , lo€_^<jfc 
— B vm A 

6uxb mix'wcj ike. veULu^e _u> €^-U.qJU‘©vi (Q, 

V 0 - (8 X to” 3 ^) (jl xio 5 ) 

Vo- U.ov) 
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3.65 Using loop analysis, find V it in ihe network in Rg. P3.65. 



SOLUTION: 



Kd’ 

ij + r. i z 


i= 1 ^X 3 

Kcl *. 

V r ' +I v 


1 5 Vis 

Kclv 

I" +15 = 13 


r=x 3 -x s 

Kvl: 

1Z-. ikl;- + ik(-x"j 

-ik 

(_V ikl s = 12. 

F 

lki 3 + 2k X r - YL J 


kVL •• 6 = iltl’-t lklVik(-Xj 

H Jj- l H ) + ik (i 3 - i r )-Ik (X x - Ij).- s 
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106 



k\/L : z\lI^ lfc IV ik l^T2k l x =i2- 
’TirijT"2lcl z -r ±Wl 3 -lkl Y tlic.I r ria. 


KCL 4-nn - 

| I, r^i. - " A~rr> j 

Ilj - “ 2 no A 

- Ik Jjt 3k-Xj- lk/-2rAj -iX I 5 “ s 

’ _ -ifclj- 4 ] 


-21cI, + 21:1^1-llcI,-ifc(-2^) Tlfclr~ l 2 - 

[2fcX, + 2ici J ^Ti'kl J V = 10 j 

"" I t r 1 + OT 3 + °-^r = _t,nr ' 
01,-iV.Ij. ^ 3VI. -iLl r ;4 
2fcl, + ateXj, itJ r z 10 

Tj s ' 1 S3noA 

J = -2‘13-^A 

Ijs 3.13mA 

Xj-s 7- 5?™ 4 


V 0 = 

v u= 7- 5"^V 
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3.66 l lsin£ loop analysis, find f /t in the circuit in Pig.P3.66. 



SOLUTION: 



kCL*. It i 3 

|<CLI 3 + x u - I 6 
I 11 , I,-X 3 f 

KCL'. Xlj =• I| t I * 

I- I s -I ( 

KCl: J 0+ I r ^ 1^ 

lo- 

KVt; ± 2 . - 

ik(V I 3 ) + ikX t - A* CV 1 *)* 11 - 
I - lkl 3 - IkX^ -V ik If *V2.k 1 G - )2_ 
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Kvu ikl’+ lkl 0 + ikJ H = o 

ly x,)+ 

I~ ik 11 + v3V."I^- ik.!y = oJ 


KCl 1 . T^i" 

I - ijr^ ^r= 


Kcl; I| = T,_ 

1,-1^ -4-~ 

■- 

Kvl; lltl t 

itl, -r AtXj“ it (I<-I j yifc/x f I,_)»-io. 
2ltl, + 2Jt Ij --lx 1 


KVL', ikI JT ik(-l') T lk( r l)=o 

1 k I, - iL (_X fe - 13 ) - ik CV 5 0 

X 5 - lie X 6 = 0 ~ 


°I| ■+0X 4i -itX| ) -+ HtX r + 2kI A a tz 
-itl, + OIj.^oij + 3tl,, -±tX r +OX feS 0 
0I |T oX tT Ol i+ Ol 1( 'I r + V 2m 
i r Xj_^ oij -v 01 ^ -r bl rt 0I «.- 
2kI, T OX,. -t Zk X 3 -itX^ + 0l ir -ik2 t '-lZ 

ox, - iti x +3k-X 3 •+ 0 2 -^t °V "ik Xj, 50 
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I| - 4* 93 mf\ 

X x ^ — 0 • 9 33 no A 

D 

J 0‘ l6Tryi/l 

r ri 5“'75mA 

1/ s 3' 

I 0 - - Xt- — 0 1 26 •7-m — 5> 73 nn 


Chapter 3: Loop and Nodal Techniques for Circuit Analysis 




109 


Problem 3.66 


Ch03.indd 109 


12/22/08 4:42:12 PM 




Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


3.67 Use MATLA3 to find the mesh currents in the network 
in Fig. P3.6. 


2 kn 



Figure P3.67 

SOLUTION: 3 ^1 


«3 



R) - - 2k-0- , Ri- r 4 = R 4 =. Rt- i kn. 

X, - qxio" i A 

KVL Q ^ 2 . : t R* t Xa.R .3 +241- - 31 4 _) £$ - o 

'IiCRa.)+ _X m R 3 - =i -26 

-Xj Clo J ) + — Ic|(2.xjfc?) - -26 

-X, +Sl z -2l^ r '2 6 * Id" 3 

kv l €1 ; —6 + C " X, ) R| + CX3' _ X 4 ^ r 4 - o 

—If & 6 
-X| (,2X|0 3 )-t- X 3 ^3xl0 3 3 ” ^ 

-XX, t“5X 3 -1^ = 6 x 10 ” 
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*LVL @ Iu, -• £U| -x s ) Rm -r (X* Xsr) *4 = o 

"■ XiRr ^4 ■+ Rs** ^4 ) " R t -O 

- X^axjo^; -X 3 (k> 3 J) -t (hxid 3 ) - 

— 21^. — Xj 1" H X^ — Xj- si O 

tCVL & Xj- : -26-t Xj-R-, + (_3j-- Xq’) R 4 = O 

-X^ R{ i" X s -( > R t + Ri) =■ 26 
'Xm (.10*) 1 - Xs- (2>I0 3 ) = 26 
+2X5- = 26 X I0' 3 

X« moJtXa.x. 


“ t 

0 

o 

o 

o 


'X, 


” 0*004 

-1 

5 

0 

~x 

0 


X 2 


-0026 

-2 

o 


-1 

0 


X* 


0-006 

0 

-x 

-1 

4 

-1 


Xm 


0 

__ 0 

o 

0 

-t 



„ Xr 


0-026 
_ J 
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3.68 Use loop analysis to find V 0 in the network in 
Fie- P3.68. 


1 2 kn 

AV- |-+J- 

12 V 

k 

i * 

> 2 kft V c 

Figure P3.68 

SOLUTION: 

l x 4 kli / —^ 

L«.P<; 

^ S> ” ' 

+ 

\ 2 kli K> 

-0^ 


KCf. I, + 21^ = I* 

I,-- i X Ctr'd. -lx. 

K'H-: 12 = 2kl | -t 4-lcI^-,. 

2kl, ^ 6UI,. = 12 

zk(-i x ) 12- 

4U* =, 12- 

- 3mA 

V 0= 2k.I x = 2k(3nr») 

V 0= 6 V 
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# 


3.69 Find li in the circuit in Fig. P3.69 using nodal 
analysis. 



SOLUTION: 



kCL at 

*r- 





)L _v, 

ilc 



\L 

2-k 


V 0 - 2V, 2V, 4- \4_ 

Vx J Vo 

V, = Ov 
V r V i= 12 
V x - -I 2 V 
Vo ^ - 12-V 
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3.70 Use nodal analysis to find V 0 in Fig. P3.70. 



SOLUTION: 3 *70 





KCL. (S> V. 


Kcl @ v c 


=> lx - -Ml_ - X lD 


-3 


10X10“ 


-3 


"IX 10 + _Vl_ + q I x ^ o 

Ri 


lo 

X 


V, =. 1 V 

-q I* + Vsl. ^ o 


Ra- 


Vn — qv. 


Vo - q v 
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3.71 Use nodal analysis to find V„ in the network in Fig. P3.71. 
12 V 



Figure P3.71 


SOLUTION: 


,2U 2\. Kft I 0 



<$> 


Amt. 

_I, + I. * x, 

2k. ~ 


KCL o-t ' 

■2- ■+ J '° 

- 1 


V Vo. Va. 

i" - ■+ 


ik TT T ik+ik ,2k 

2 V, ^2V z+ V 2 . = V 0 


1 2.V, i- 3V v = Vo 


'V 12. 


L_ 


J 


i 0 (iO 

i. = ^ _ - V 


- Q- 


ik-rlt. 2Jc 

l^T 

\_fL 


Chapter 3: Loop and Nodal Techniques for Circuit Analysis 




115 




Problem 3.71 


Ch03.indd 115 


12/22/08 4:42:18 PM 
































Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


2^, + 3Vj. % 

2 m 

4V, t V*. 

\*±zS!±£3 

- v, + v* i *- 

^ V | + * 5 ^ a .=- 0 

V, s - 6' 6 4V 

5- 3av 

n/,-. \4. = 

" X ”2— 

2- 
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3.72 Find the power supplied by the 4-A current source in the 
network in Fig. P3.72 using nodal analysis. 



SOLUTION: 3-12- 


’1 t 

- 4- -AAAAA-—i 

HJL 

f-1 



i»*d 

p «d 

| ^ <y 

IS *31 

Jilj. 

SA g: 


Ri-fiza. i\S L, 5-0- 

Vj =. i o v • - -Va-Vi. =. Vq-v> Vj.- io ^ 

R» 4 t* 

Kct ^ '• Vj,- V| . _ 2. X* -j- - H - O 

R) ftj. 

Vq-iQ + _v*_ _ 2. /V,.-1o a + vv_ - h i o 

^ ^ V n ) 5 

Vj. =. IS V 

Pooch. SAAj^JUCerl bij. H-A .Aojunce., 

R* “ H * -7-s- 

= 30.0 u 
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3.73 Find I 0 in the network in Fig. P3.73. 



66 mA 


SOLUTION: 3.73 



V, - V A = 6000 I* 

“‘*’1 ^ V 

VV- 3 _V, =■> V,.. -iVi - © 

kCL g 5., : Vj_ _Vl_ + Vi. - 66 X 10 O 

R.i R 3 Rh 

tv, -f V A =. -792 _ © 

FChgyw ej^AJLodbLOvvA © Gund <© 40 ^ 

V x ^ -7 20 V 
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So ^ V2- 

=. - 12 . 

to 3 




# 


% 
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3.74 Find V 0 in the circuit in Fig. P3.74 using nodal analysis. 



SOLUTION: Z-1H 



v, - v x e q o V _ 0 

I* ^ VL. - A. 

ftz. )o 3 

K.CL @ ocLc ; 2. Ix V* ■+■ Vj_ + V. - Vo =. O 

Ri & 2 _ R-3 

4 V, -t- V* " Vo = O - 0) 

kCL @ Vo •. J&_ + v*-v< = O 

Vo ^ ^ _ © 

SJuJbvSju.■e^CLOdU.'enn © ur\ (±) , Uitgtk, 

^ V, + V 2 . -_Vj_ - O 
2- 
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IV, + 2V Z «, o _ © 

Ekcnrw. (T) cun d f K)£. 

V| - xo \/ 

Vo ^ V. 

2 - 

- ' " ' 1 

Vo - 10 V 
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3.75 Find V (J tn the network in Fig. P3.75 using nodal analysis. 



SOLUTION: 



-4ooolx 

10k 

KCL odr 2.: 4m = Xx + 7 0 

7k-7 Vx. - 4m 

lOlc r lok 

V v, W* . 40 

Igyi p 

\y, ^ - 400</ V X 'N/|\ 

V iok ) 

v,- 'L+ 

5V, =. -2Vj.+ 2V, 

\ ^3V, - 2V v r 0 1 

_ V, + aVj_ =■ 
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- 3V, - - 0 

V| =_ -io V 
i5V 

Vq =. I6V 

V 0 = 15 V 


# 
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3.76 Use both nodal analysis and mesh analysis to find V 0 in 
the circuit in Fig. P3.76. 



SOLUTION: 3*76 (d) 


3V* 



r,= r m ~ skA, Pi - H ia, V *-\4 

v,-v c ^ 3 v x 

V, - V 0 =. 3 V* - © 

K.CL@ Vi : Vj-V, + Xfc- ■+ » Xld " 3 ~ o 

fca. *3 

3 Vj.- V, — ~ & 

Vi - 'UV, _ © 

Z 

€^AqJU'ot\ © tf' (D } f}t£ 

V, - Vo ^ 3 l v, - gj 

_3 

|V^ ^ .oo V 
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125 


■3-1 



R| ^ Rn — lUii, ftz- 8k-a, 

Ij- x , - lo" 3 * - © 

V* * (_Z^- X 3 ) R 3 
Vo - ^3 

K.V u 0 Su^cx.'mesk.: 3Vx t 1^ Rt( t X x R f — O 

"3 — 3 R3 +■ R*-j "t* X^_ R i — o 

x x ^ o A _ @ 

KVL & X z : X Z R, +(i 2 -X,)R x + (ii-X s )a a =. O 



z_ 



3 


V 0 - ^3 R H 
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3.77 Tind \\ in the circuit in Fig. P3.77 



SOLUTION: 

3 



Kcl Odt L' =• 

^3-^1 - Vi-Va. . V|_ 

2 k £k 

6VJ-6V, =, 3V, - 3VJ.+2V, 

| 11 Vj- 3V2. - - O, 

KC l ob 2. \ x 5 = I*. 

^Wa, ^ V*,- Vj_ . Va_ 

4k ok 44c 

+ 2V 3 -2V i= Va_ 

r^r 

^3 - 

v/,-V>. 
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V 3 = 



liV, - 6Vj. 0 

^ 1 *“ A* V^, t AVg ? 0 

av, - aVj.- v d= 0 

V |5 dv/ 

Va.? O V/ 

D\S 

- 0\7 
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3.78 Using mesh analysis, find V 0 in the circuit in Fig. P3.78. 



SOLUTION: 3-TS 



Mr = _ © 

X, ^ V*_ _ (£ 

4oDJD 


V 0 =- X.j 
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kvl © x-3 ■. o 

It x 3 - x, ^ 2 4 x | D :5 _ © 

SAjJt>^JbUxUba\^ © <xnd © ua f uc 

X, — 6^10 Ij _ 

Soxb^“jbaXi''v^ ^AjdxJcx'm^ © jur\ lot. gtt 

X* = 3o x .o' 3 4 

5 la. 

V 0 =- Xj 

-5 ^ 

- 30.x IO X C X to 

li 



# 
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3.79 Find /„ in the circuit in Fig. P3.79. 



SOLUTION: 



KVL iz - 5L1, ^ 

^ 5 kl| -t -t 4 kl^ r lz~] 

kcl* Xt r 3 = i, 

r. i t - 

KVl; 5 = 4 -kl 3 

410X3- 5 

1 — 8kX| + Ixfc. z g 


fcCL l 1, - 20r x -t Ia_ 
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5k I, + 6k I* +4Ji.X 3 * n. 

-8k I, t 01^+ iait J 3 : 5 

i, + ilij. -aoij * o 

J - 0'66m A 

1-, 0 ■ ST/ rrA 

J^s 0> 861mA 

I 0 = ^3 

X 0 = O' 36/mA 


# 
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3.80 Write mesh equations for the circuit in Fig. P3.80 using 
the assigned currents. 



SOLUTION: 


2 A 



KCl : I, = J+ I 3 

x’r r,-i 3 

KCL ’ 1 + ly - I t 

I<cl: x"+ i 3 ^ Ifi 7 

X ’ ' - -*3 ■* 4- 1 y 


JCCL’ 

51 /*, -0 

V* , -X"(s) *-5&rh) 
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133 


Vx.= -5V 51 3 





V 2 * 

kVL*. 4-1^ + 20 )' o 


4 -X w -2(l i -I v ) r -20 


nT 2 i t+ i&i^s - so 


Kn/l 4 X-t 51 + 4-li| 42.0 

4(lr Jj) 4 

4-J! t 5J,.- A-l^z-8 

4-1 1 t 5 ij_ + +1^= i o J 

X, 4 2' 5Jj_ - 0 

— 2 J ^4 - - 20 

41,+ 5J*. 4 4*,= lo 

Ijz2A 

- I, t 3 ' 5I i- " S 

- ZT^ + Gly - - 2-S 
41, 4 5X^.4- )0 

X, » 2' 46A 

z* »a a 

Ilf J - Z. 6 2A 
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3.81 Find V a in the network in Fig. P3.81. 



SOLUTION: 3-81 


# 



Rt - Rx - ^3 - ^ =■ I R-0. ; - <4 kiL 

- X* - liwft _ © 


Xlj — £ yy\ A 


V* 



Vx 

looo 


Vo — X x Rv/ 

K.VL SXi^ tj-tYVX&f )">» - X, R, + Xj_R^ + l x T ) Rtf' C^i “X^J Ri— ^ 

X| (_R| t R z ) T X i (R3 + *M + **')‘’ X 3 R i &S- -O 


Chapter 3: Loop and Nodal Techniques for Circuit Analysis 




134 


# 


Problem 3.81 


Ch03.indd 134 


12/22/08 4:42:37 PM 

































Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


x* lo ? x. 


xx, + 

XJt t 
Wwv t^uoJti 


■f 4?no 3 X z - ID 3 x 3 - ID 3 ^ - O 

6 — O 

X 3 =- _Vx ojt\& Vj, i. - X x 
I ooo 

1Z X - 4* |o" 3 __ 0 

ErrU 0 OLTid 0 , Ujt flet 


HL^ ^ -XmA 


Vo =- R.^ 

V 0 -xx lo " -5 X H x ,o 3 

Vo & -8. 
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3-®? U*iin£ nndaJ analysis, ftJid V g in ilie Ctrcuil i n. Fig. P3 &Z 



Hi I- 


4 




fti- 

A j - A 

\u s| 

i _/i_ , 

,h-1 

t__ 

hi 




- *+.n- 


^5 


V*. = V s 
V, - l^v 


cut: Va : V.n - ^ f + ^ 4 V*r V & — 0 


Ri 


ajt V 0 : + IMT 1 = 

* E> 


y? 


] y n ^a-5-vj 
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3.83 Solve for the assigned mesh currents in ihe network in 
Pig. P3.83. 



Figure P3.83 


SOLUTION: 

sn 6ii sn 4 a 



l<CL • I| = X ft + ^2. 

Ia = I/'Iz 

KVL-. 81 , t 4o 

81, + 4-0 

Uai, — 4I X = 4-0 | 


KVL’. 21 a - 4l M t25 

Hi- liU 25 

KVL: 81, +6 5l 5 + 4-X^ + 40 


V&I, + €17+ 5X 3 + 4X V -. j 5 


KCl; ^ 4- Ij 

I, = 4 
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121 , -4-1^+013+01^ = 4-0 

21,- 21^+013-4-1^-26 

61, + + 51 j + 4X y - It' 

01,-ij. + I 3 +0 J v x 4 

J,=. 2.9V 4 
» - /■ 05A 
I 3 = 2- 

Jy a - 4-22* 
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3.84 Using the assigned mesh currents shown in Fig. P3.84 
solve for the power supplied by the dependent voltage 
source. 


3 ft 



Figure P3.84 
SOLUTION: 


3 a 



Kcl- x+ 

I- I,'lv 

KCt’. I'-fl, 

I* V X i 

Kvl: 31, + 121 + 8(-l3 * 5 I a 

I 3 

31, +-JL 2 (X r I*) -6(i r x,)= si 3 

1231,"- 5 X^-8! ^ r o] 


KVL: 6l\ 5X 3 t 4X^ + 1&=0 

51 3 -y-i& 

381^7™^% X izx v r - I 8 


Chapter 3: Loop and Nodal Techniques for Circuit Analysis 


& 


139 


Problem 3.84 


Ch03.indd 139 


12/22/08 4:42:42 PM 




























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


Kgl\ > X 4 . 


I a * - 2 A 1 


FF x, £5 e? 


- 24 -; 


231,- 5I 3 - 8>1, = -24- 
-81, + 5I 3 -r 12 X, =■ - i£> 

01,+ X 3 - X M= - 5 

I,- -2-59A 

I 3 = - 5- 6 A 

Iif =- - O'SA 

A-nst - 2 A 

^ £ »)= V5W 
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3.85 Determine Vo in the network in the Fig. P3.85 using loop analysis. 



Figure P3.85 


Solution: 3-8^ 


# 



R.3 *■ — Rj ~ I k-Q. 

Xz- R 

- CXq-Xa.) 

X, - 

V 0 ^ x M * r 

Kv L (® X H '• ' 5 + ' ^)R h t Xm O 

fs t lo 3 !^ ~ to 3 x^ -+ /o 3 I^ = O 

Vo- - “-2.^10 5 X| XIO 5 

Vq- - 2..'6o V 
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3.86 Using loop analysis, find V 0 in the network in 
Fig. P3.86. 



SOLUTION: 



KCL • I, t 4rn . 


kcl; i b -- j>1, 

I - V 1 ! 

k<LL*. IV X v = x 3 

J» X 3 -I v 

KVL; Zkly* ik-t'!') ~ 12. 

I - /k <3/cIy - J3- / 
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kvi.ilc.X + iki'« av„ 

\/o = 2 k 

1U V x » ) + ^ t-V IQ » 2. (Z l ly ) 
lk. I, r a - Sk 0 ) 

KVL'. 2V 0 = lkl|+iklj.-t-akX, 

= 2k I, 


^ lk I, ^ lii^-aki^o 


I,- l lJt 0X 3 +D1 h •- 4rrv 

0X (1 OX,.- ik.I 3 -v3kX 1= .\x 

_ik.I| + OIj.^ 2kXj - 5kl^s 0 

ik.X| + iklj.t oX i -akl^sO 

rr&Jfc-t. | tqasJZ&ri fjbpyUiy^Loij 

N Aja^K,w.cXt»C * 


i - I 

0 * 

0 0 

a 0 


o 

0 

4- 

o 


o ^ 

-i. 

- 12- 
0 



Vo-^ 


1r 


A- (tife |f), ^ ^ 

\So4ot*L tfrV A* JUsZ^* Se^M-k^rsi. 


JUo OO k&CrOUJ JO ^UaM&tU C^foa^V’ZUy, 

\/q ^ /vO-f" ctl Lir\<_iA. ( Qj>£s\ Ci.tyOLU.’t), 
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3.87 Using loop analysis, find V 0 in the circuit in 
Fig. P3.87. 



1 kft 


1 kn 


y B 


SOLUTION: 



l<CL : 

i,= i+x* 
1= I 'T-x. 

Iccl* 

r x -_ i"+i 3 
X"= J x - Ij 

kc,i 

: X t =. Xy 


I, Vly 

Kcl 

'■ x* + i* --1 


*, i 3 +■ 


i ,M =i r i 3 

fevi : 2V X + iv.1, +iu: ■ o 


Chapter 3: Loop and Nodal Techniques for Circuit Analysis 


Problem 3.87 




Ch03.indd 144 


12/22/08 4:42:46 PM 


























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 


Irwin, Basic Engineering Circuit Analysis, 9/E 


145 


Vx - ) 2k. 

x i) + ifcx, fik-Cvio* 0 

4kl 4 - - 4VX 4 + 2k X, - O 


2lcX|“ lkl,.+ 4-kX 4 - 4kX 4 - O 


fc\/u‘. d. 2 . -v±U-(^t;') + 1 U.I I o 


KVL iW(_- 1") ■+ iWXj-V 2k(- 1 "% o 

- it (. Iv-Xj) V ik X 3 - 2 k (I t - 1,) ; O 



kVL', ll: 2 V-(^l)+ 2 klx 

-v 2 t(_l v ' X fe ) r 12 . 

4toA_ 

\4-kl^-2kI t z XO] 

KVL: 2kX”VikI 4 + 2k(-l^)-o 
2 ^ 4 -Ij^ lkl 4 -x t Q-I t >0 

2 kX t - -+Sk i 4 r 0 ) 


2kX,- lklj.+ Ol^ 44-lt.l r -4k.I t -o 

-iJtI p+ 21c!,.- JkJ 5 ^.OX r+ OI 4 ;-/X 
01, - At I,. -+4kI 3 + 0I 5 - 2kl 4 :0 

01 1 + 01,.+ 0 X 3 + 4^X5. — 2k I fe -iO 
01,-hOT,.- 2kl i -5jcI r +SkJ t = 0 
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I, a - 18mA 

J x - 

J, - — 4 ™^ 

- S‘£S 

- o • s oo A 

V 0 - ik(x 6 )= ik(o*5/vO 

V 0 = 0'5V 
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3.88 Use loop analysis to determine lo in the circuit in the Fig. P3.88. 



Solution: 3-88 



Xq — 5w> A 



V* x 6 

KVL@ X, : X, R, -t C^=, - O 
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KVL @ x*_: zV v i-(X A -I c )r v ^0 

- X, til z - 2. X 4 =- o 
KVL (§>, I3 - x V x R4 "f C X3 - XI4 ) =. 0 

xX 3 + x 4 - o - © 

KVL (a I* : -To t £x t " X s) Rr + X t e 7 = o 

-X 3 t 2 I t ^7oxio 3 _ © 

fOtowL © OLnd to-e. $<-k 

I 6 - 26 >*A 

ixUU.'v'Jj jtki VoJLue. I4 ujn © ^ ye, 
II 3 = - IS x ,o~* 

X 3 x. "" 14 Tr> A 

Xq - X 4 - X 3 

Xq - Hi- O -no A 
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3.89 Using loop analysis, find I 0 in the circuit in 
Fig. P3.89. 



SOLUTION: 



kCL*. T r * i+i*, 

I* i r ij 

KCL-. I„-. i + x, 

i= X,-I, 

Kcu Xj+i" = It 

1= It-1* 

Kcl, ~^ x . ~ -T7 

+ 2 . J*x " T 

i„ = 

-J~0 - -^ 4 ” ^~C "* 

2 0 - ~ 1%~ 2-Zy f 2If -r 
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KVL’. Ik I, + + ik(_-I ')=0 

ik.3,- J-k (_i H - t,)x - la. 

IkTp ik » -TT. 


KVU ikl -V ikt-Xo)^ iX 

ik(-I l -2l 7 + 2 I r+ 1 J = -<2. 

1V.X,+ 2k- x il] 


Kvl; 2Vx + lit I + lieI x = o 
= II 

2 /iU t )t iJ‘(_X <) -I,) + lL(x 1 ( -X s -) i o 
P^ikTl,* Xkl^-2k.X 4 = o} 

KCL 1 ^ 21 *. x li¬ 
ly' 1 ^ 

| ~ - oj 

Kvi: 2V*. f -t k-X 1 1-11.1^Ikx" +lk.I t *o 
2(lk.i,) tl k(l, - 2i 3 
Ik-X,- l£T~ lkj.-’iia ~f xkI~-+ sii^vj 
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# 


2>I,*0l - + O Is- + 0I 4 - ' i2- 

01, + -au.iy“ik.i 6 = 6 

01 , T 0 X>.+ 2 -Xv, 

- lv.t, - At V lk-1^ V 


e - £ 


J |5 . -£*A< 8 mA 

X x ^ 1 2-rnA 

I - - 0 ' A 

Y -X^ ^ 6 . 2 4 m A 

I 4 s - 16 m A 

T 0 r -I*.- 

2^_ .3.)^ -e* (- 0 '%m) t 2(o* 

^ ^ - A< 88 mA 


# 
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3.90 Use mesh analysis to determine the power delivered 
by the independent 3-V source in the network in 
Fig. P3.90. 



SOLUTION: 



KCl\ J 3 - 

I-- h-i, 

kiCL'. 4-0 X = -Tiy 
ji X 7 - 4-Om 

Kvl: o?0Ol, + ,0d ^j 

x, -t- o-o 0 

Kvu ’ 1 &oT 5 *+ 3= D 
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C. - 30 A 

KVt3. 2 + 6 o OXy 

Goo Xy +• 3oo ^ 7y- Ao^) ~ 3 

- /S' 

KCl . 1 ” •Tj 

I "= V J f 


= 

3( : Sb nr> — 

(&• 6 3 J 

* 

- /40‘0/ 

rv~> >\/ 


^0' 0//V7 hj 
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3.91 Use mesh analysis to find the power delivered by the current-controlled voltage 
source in the circuit in Fig. P3.91. 



in 

*x 

4« 


Solution: 3*4) 


# 



v*-- 4 X , 


7-0- 

X x 

4A 


(D 


z T u - Xj. 

Xy - -^4 

*3 - y*_ ^ jx. x, 

8 M 

KVL @ X 4 - X 5 ) — I* -f H — 0 

-2-1 Xj ~ 32. Xjj O 
- I* 52. 
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* VL @ : 6 X, -t 7 i- 1^* X x ^ o 

X3- U X, -t- 7 = o 

f 0 , »oe. QtJb 

X, =, 0-&46 A 

X* - JL. X f - o- 522 A 
3 4 

— 1'52 X^j — 0-T9 3 A 
=- X 4 - - 3- 09 A 


Pcc^ = (] 5I x) 


P ccvs *31.0 U 


# 
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3.92 Use nodal analysis to determine lo in the circuit in Fig. P3.92. 



i kn 



Figure P3.92 


Solution: 3-42- 


# 


M, 



Iks. 

Vx 

i- 

V* 


ki - R-i. - ^ Rii = Rj- - P-c =- R 7 =. 1 k-Q_ 

V M x V 

v 4 -v,. IV, _ © 

v *-- = X* 

Rz, 

Xo - V n- Vx 

KCL©V x ; V A -V, t Vj-V 3 + 6X)0~ 3 - o 
^ R.*. 

- V, + 2, V z - V3 - - 6 
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# 


KCL@ V 3 ; V.-V, _ a t + V V 

—=? * < y 3 ~ v J f- V^- 


“V/ - 5 Vj^ + s V 3 - ^ Q 
KCL @ V* ; Vv - V^_ ( 

"“r& 




2L =- O 


(tUi 


l Yl< 


1 


f-40 v) 


H_ t _Vx- V, + JV*_ - O 

Ra K-t 


3 V>' - v, ^ o _ (X) 

- v;,. v ,. 0 ° 


~£ v * + t Vl » & 0 

~ 5 V | -+ 0-0 

V, - « V 
Vx- V^V, 


1_ ^ Ho-g 
2- 2_ 


Vv _ 


X - 16 V 


Q/Sl>\Cj ^4 - ^ 0 V) 


In - K- V > 


Rr 

- 4 0- 14 


lx lo : 


To - 2lj - o yy \ A 


# 
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3.93 Use nodal analysis to find V a in the circuit in Fig. P3.93. 



SOLUTION: 3>q3 



V 3 - Vi - lV x 
V s -V s 11V _ ® 

V„ -V M 


_ © 
© 


Ktl. @ V, : Vi-Vt + V,-Vt + V|-V M + V,-V n - 0 
P| P-i- R.3 £4 

-S'*,- sv s --sV^-riov,-v 0 . o — & 

}^CL @ Vs V14 


*i Vs ■+ V 0 - 


+ J&- - Mxio 

Rg Rg 
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KCL ojb V 0 : Vo-V, + + v, 


3xio '2-XJO'" 

V, - 13V 0 - fcVt 


Wx/c 3 


- O 


€ 


SvaJcv^JPuJU-v^ Q, (2), © cxnd © i-w. © } t 


-3V m - 3V3 - ?V 3 


to . 15 Vr, - 4 Vq - V D — O 


-11(12+ Vj)- 5V 5 - + V„ - O 

-HVj + 7V 0 ^ 32. _ © 

E>Uywl (?) Otrid (5) l/Ot £ Ct 


Vo- 3-00 V 


# 
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3.94 Find I u in the network in Fig. P3.94 using nodal analysis. 



SOLUTION: 



_ © 

V V 3 - V _ © 

Vi = -lV» =•> V.i -\h_ 

3 - 

KCL <S| : V| - Va. j. V>- Vtj — 6X io 3 + Vj- Va- + -0 

Ri R. h ^ ft.* 

1V| 3V 3 -2.V 4 

Kcu V M : Vu - Vz - 2 x* + - Vy -f- Vw - V L - ° 

R 3 Rm 


Chapter 3: Loop and Nodal Techniques for Circuit Analysis 


Ch03.indd 160 


& 


160 




Problem 3.94 


12/22/08 4:42:54 PM 









































Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


# 


-a.V, + Vx -6V 3 t 6V4 ^ o _ © 

kci_ £ V* : V>- V w + + tXlo" 3 - O 

+ V H - 6 _ 

© <Vv\d @ Jj7 (5) # 

*v, - iVj. -+ 3V3 — 2. Vu - 6 


toe. 


9 * 


V 5 ^ - 3 l-t V 

Su^idtiJbjdU.V^ ^j^cLtLenrvi (5) coact. (?) a'vv © ; lot 

—2-V) + Vjl — (* N/j + £ - 0 

Vl, ^ - 1 t- 54. 


lo- V 3-VM 
R-3 

- -3I-6 -t U, S~4 


X D =. -15-04 >v»A 
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4.1 An op-amp base amplifier has supply voltages of ± 5 V and a gain of 10. Sketch the input 
waveform from the output waveform in Fig. P4.1. What are (a) the minimum and (b) the 
maximum values of the input voltage? 





Figure P4.1 
Solution: 

— Vp *'• = - Vq 

% Gt 

f\Jt ic- 25 , Vo - 3 V s - 0*3 V 

(\k ±- loo y*$ , '3V ; Vj = -0-3 V 

TKe. v>(v.v €Jo-*t>v\ ju cUioulow 
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(a.) TKe. 'yvuw.i'wxuvA vouLut 
fbj Tke. >t>&.7<i''vvua'vv\. VoJoxe. 


-HiC -i*vv|cujct Vobbo^e. xi 
g|j -tk<. i'vvjaujt V6-Uoy{. 4-A 


- 0-3 V. 
tO-3 V. 


# 
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4.2 For Lin ideal op-amp, the voltage gain and input resistance 
are infinite while the output resistance is zero. What are the 
consequences for 

(a) the op-amp's input voltage? 

(bj the op-amp's input currents? 

(c) the op-amp's output current? 


SOLUTION: 

{a) With infinite cfayn , an inpud voltage WHl 

produce <x eujtpujt voXtoiqe, 

Vdi - OV arid ; ^/Vi ^ Q-~pi'nijti VqJLusl. 

tzhjL Vtxa — i Oo 

Cb) No mput cjux-MM pio uj-z ; 

Rin = co 

U iri = OA 

(C) Ujitb R 0u+ =0-^-1 rAx QijJtpvUt ajJMJLni 

i imited onta exjtarml a*cujtf vamaitiUA, 



r — Vo 
Refy 
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4.3 Revisit your answers in Problem 4.2 under the following 
nonideal scenarios. 

(a) R in = oo, R oul = 0, A 0 * oo. 

(b) R- in = oo, fi oul > 0, A Q = oo. 
fO R'\n ^ oo, R, : lU | 0, Ap oo. 


SOLUTION: 


(<K) ^ = oo , = o , A„ *■ oo 

Zmk = 0 5 = X" 

Jj- a d * 00 > ^ 


P s. exlomt , 

‘ 4-t^U l£v J 


Ct>) R,; = «> Ct >° , A ° sW> 

JJ. ^ ~ 0fl 

' if A„ *« , 

if Rout ^o, loot -"beA%t+-t 

bj ^OLlt 0Jr ^* 


2 0ct (- ^ 


^ ou lr 


^01^) 

(C) ^ , R 0ut =0, 

if A a = 00 , Vm ' 0V 


if = 


\f * 
__l r 

iR;* 


^oa JLuu^*o ^ 

4 ut ■* 

-s i . s Vt 

/ oafc -p“ 
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4.4 Revisit the exact analysis of the inverting configuration in 

Section 4.3. 

(a) Find an expression for the gain if R ia = oo, R out = 0, 
A 0 ^ oo. 

(b) Plot the ratio of the gain in (a) to the ideal gain versus 
A 0 for 1 ^ A 0 1000 for an ideal gain of—10, 

(c) From your plot, does the actual gain approach the 
ideal value as A 0 increases or decreases? 

(d) From your plot, what is the minimum value of A g if 
the actual gain is within 5% of the ideal case? 


SOLUTION: 

(a) F^om section W-3: 

-Rz 



Uhen Riy, — c?o f R 0u+ _ o > anci f\ 0 ^ 00 

I - < ^ _L Omd —i— ^ ^ -i— 
ft in R, Rin Rl 

_L_ >>_L 

P'0 ^2. 



S 
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^ ideal ~ 

“fti- 

ft, 

A icLeoJL ~ 

- 10 

^CLcJkUdjL 

Vp 


Vs 

^actual ~ ■ 

- 10 


1+ J_Y i-nd) 
Ao L 

A aotuoX ~ . ,~lQ-- 

H- _Li_ 

Ao 

I A 0 ^ /OOO 


0 2.00 


Gqjd ftaiio vs- Ao 
Woo 600 goo /OOO 
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(C) Ia/ hen Ao HncKoaMLA , ^ actual oJjjroachjLl A / ctecJi 


CdJ A actual 

^ i deal 


-lo 


l-f-JJ- 

Ao 


10 


-fo 

Kfe _ ^ 0Q5 

-lo 

A 0 > 2.04 
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4.5 Find an expression for the voltage gain of the inverting op-amp. If R in * oo, R^, = 0, Ao * oo. 
Find the gain if R]=15Q, R2=10Q, Ri=24H, Ao=15. 



Figure P4.5 


Solution: M-5 

Siy\Lt, Rx-n =¥ 60 Amd Ab^* 70 , Jc Kjl* ^ cl *V\(m-.LcU.aI 

JUYW Oja - aw^. 

, Vo. = A adtXLaJL = ~ R Vg| 




I- 


fl + l) 

O- (J- _ ^ 

R.j_ \ Rj. Ro / 


Fan - o , J_ » J_ Onvd. Afi. *> _L 

R-o R_2_ 




^ - R V R > 

(.£; + ri + iO 




VctMaJ. 




l + J_ / JU- 4- JU. +l\ 

Ao l R, r RL ) 

Ki - 15-0- , Ri^io-A, - 2-H SL , Ao- l r 

(T) t to< . 


A . . ^ - 0*58 -S' 

axfcuod 


0 
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4.6 An op-amp based amplifier has ± 24 V supplies and a gain of -80. Over what 
input range is the amplifier linear? 

Find (a) the minimum and (b) the maximum values. 


Solution: 


# 


Foji o|>tx.OLfa.cna 

Vo a - 8 o 


'L Y\ 


Vmz. ou±jiu± =Z4V, Vo^^ =• V 

IPvoie^ose, -&\e, ga. Ove/t loVucK Jt ke 

JjLvxitxn JJ> 


^ 2M_ 

So fto 

-D.^OOV ^ O-30DV 


V *v'.(Wn') 


- -0-30 0 V 


V- , A — O* 300 V 

V ^(cYV><\X) _ 
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4.7 Determine the gain of the amplifier in Fig. P4.7. What is 
the value of /„? 

J?2 = 20 kft 
J?] = 3.3 kii 

V'm = 2 V 


*1 

Figure P4.7 
SOLUTION: 




NoT> - i Tn\4e9dh'r><^ j 

^>_ = / ~t kx 

M* R, 

V n = /+ XoX(Q 3 

Vu 2-iXiO 3 

_Vj2_ - 

Vcv, 

V v - 2 V 
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Io 

Xo 


Vo — T- 06 (T) 

V 0 - IM-I2-V 

IMvTL __ 

23* (O 3 + iOV (O 3 


To — 606 Lt A 
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4.8 For the amplifier in Fig.P4.8, find (a) the gain (b) Io- 



R z = 20 led 
ftj « 3.3 k Q 
l/ s =4 V 


Figure P4.8 


Solution: H-Q 

m 


C 4^v>v uxo^tn^ y 

Vf R, 

Gi- -2.P = -604 

33 


Gt;. -6-0 6 


0°) x i 


*2. 

v a- -6-06 

V 0 - —2-M-iM V 

X= -2M. 2M 

20 


X - -1-212-W>A 
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4.9 Using the ideal op-amp assumptions, determine the 
values of V 0 and / L in Fig. P4.9. 



SOLUTION: 


tn 



V 0 


Non - 


V 0 

' / -h 


Vo 

= 1 1 


R, 


V 




'-A 


IXi o l 


- /IV- - POO 


v d = UIV 


If I u = 0 

Ti = oA 
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4.10 Using the ideal op-amp assumptions, determine (a) I\, (b) I 2 and (c) I 3 in Fig. P4.10. 



Figure P4.10 


Solution: 4-10 

Ft>x Xde.o-1 op - cvyv\|d em , 

~|x t - 

£3 


AjajoJ^'vv^ k^-L oJt Jbkl. OWOcUKj 
X 3 — - 3 ^ 2 . 

jX; s- 2- gr >nA 




Chapter 4: Introduction to Operational Amplifiers 


& 


Problem 4.10 


Ch04.indd 14 


12/4/08 3:58:38 PM 
























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


15 


4.11 tn lI useful application, the amplifier drives a load. The 
circuit in Fig. P4.ll models this scenario. 

(a) Sketch the gain VJV*, for 10 Li ^ R L < oo. 

(b) Sketch l a for 10 fi ^ R L < oo if V s = 0.1 V. 

(c) Repeat (b) if V s = 1.0 V. 

(d) What is the minimum value of R L if |/ 0 | must be less 
than 100 rnA for \V 5 \ < 0.5 V? 

(e) What is the current I s if R L is 100 .IT? Repeat for 
R l = 10 kO. 



R2 - 27 kii 
R] - 3 kii 


Figure P4.11 


SOLUTION: 



To 





1 





-i *2. 


R 


l-h 1 1 XfCr* 
^ X fo3 



Vo = io 
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(b) % =0-IV , = io(o\) = IV 

T 0 ~ 4 I, 


T o - Vo -4 Vo 
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(C) Vj = (v , V 0 = IOV 

Jo = <0 - + J2- 

30 X10 ^ 



(ctj V s - 0-5V , V„ = 5 V 

I 0 = _£_ J- -i- 

lOXIO 2 

5~ + S ^ /OCXIO* 

3oXI0 3 ^L 

R l >5o-IJ1 


(ej l s ^iouM aafo Me nof)- 

Me o|d - amp 

X = 0 Me vaJUa. ofc ft-t doix-n'i mccffe* 
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4.12 Repeat Problem 4.11 for the circuit in Fig. P4.12. 

Rl R 2 = 27 kil 



SOLUTION: 



(aj v o = Vs 

V 0 = - 21 K Vs 

2 < 

V,„ = 

1 0 = X,4I l 
1 0 ~t Vp 
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10 


oo 




(b) 


Vj = 0-1 v , Qrd v 0 =-O9v 

x 0 = -Q'q - o-q 





CO 


- IV , Qndl N/ 0 - 

T 0 = _ --9_ 
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m t 0 - vs - 9^ 

29 X/ O 3 Ru 


Qjc 

V s — o5V 


IIo\ 

= -9(0-5) 

_ 9(0-5) 


29Xlo^ 

Ru 

llo| 

= '±1— + 

M S ^ /oomA 


29X I© 3 


Rl 

y Ms-un 



(e) T s = Vj_ 

R. 

T 5 = Vs ; Jy iocUpend£.rvt of Rt- 
3ooo 

a* v 5 - 0'5 v 

T s = 0-5 _ 

3000 

= /69 XiA 
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4.13 The op-amp in the amplifier in Fig. P4.13 operates with +15 V supplies and can output no 
more than 200 mA. What is the maximum gain allowable for the amplifier if the 
maximum value of V s is 1 V? 


#1 4 & 2 - 60 UfS 



Figure P4.13 


Solution: ^13 


£xujlC 'vco'W- Ssrw txlx um \xh oJLlovx 

Vo_ - M- Ra. S R( + Rx = 60 X 10 * - 6x10 


R, 




) V 0 1 = I V 5 1 ^ 6x^10^ ^ 4 l S' £Fan JSv\ ecu-t tn odb.’ovv^ 


= |V 

- > 

AX&o, X Q 


? V 0 ^ 6X10 

V R| 

- y° ^ Vo 

R, 


— 6X10 

R, X tO X 10 


l. 

3 -+■ 


6 x 10 

Rj x £ o 


1 DO 


- 100 1 
*1 

, ^ lOO >yiA 


Rr 

R. > 


L0£ 


-s 


Av 


rvvxy 


X 00 X lb 

Rj ^ 5oosr -O- ojod 

= 1 — 

fi, 


Rx < 54 9<|s -n- 

i + lo- qg? 


“ 1 x 


l * ivuV 


Chapter 4: Introduction to Operational Amplifiers 


& 


Problem 4.13 


Ch04.indd 21 


12/4/08 3 





























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


4.14 For the amplifier in Fig. P4.14. the maximum value of 
V s is 2 V and the op-amp can deliver no more than 
100 mA. 

(a) Iff ±10 V supplies are used, what is the maximum 
allowable value of tf 2 ? 

(b) Repeal for ±3 Y supplies. 

(c) Discuss the impact of the supplies on the maximum 
allowable gain. 

R l = 10 Q 
R[ = 100 □ 


Rl 

Figure P4.14 
SOLUTION: 


VsO 




fti: 


hAAA- 

R? 


# 


OfK 



6, - lOO KIL 

loK-fL 


(P-J Nqy\~ inveKtiru^ oj?~ojy\p •; 

v 0 - ( I-+ g±\ 


To = - Vo_— _ 


Vj - 2V 
Vo ~ ^ 




Chapter 4: Introduction to Operational Amplifiers 


Ch04.indd 22 




22 




Problem 4.14 


12/4/08 3:58:40 PM 






















Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


23 


^ l + 2-^/0 

lo = -13___ 

/ox/o 3 II ( /ooX/0 3 ^ WOQX/O^J 

I 0 =. /• 02 . mA ^ /oOtyiA 

goo K Qhrru SoJtU^UU botA CuJdkSLfrt CXhcL VoH^e. $+rnu± - 

(b) Vo - f H *4 a) 

(/ + (a) ' 3 

k x $ SOK-CL 

Jo - _ 3__ 

/ox lo 3 /) ('/oox lO 3 ^ 50 X 10^3 

To = 320 XxA 

\/CxAxxSL Q^~ \/j y ^^yyxxx. 0- llYl^O^ 

^yjr&bon of Jtbi TKu 

MJtaJh'oriJifaf) etJAkS until ^ To limit 

an - TA<l on To Jls 

loom A * 
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4.15 For the circuit in Fig. P4. 15, find K 0 , if V\ =3 V and V 2 = 9 V. 



Figure P4.15 


Solution: 



* + - = v, 

Kc L out V- JL'Afrxk : Vi-V| = V, _ V,-V 0 

”“ET“ r 3 

=> Vo = v ' + H-lf) 

R,- Ikil, ikiL, 2U ( V |S 3 V, V^qV 

V 0 i 4 V,-Vi. 

V 0 - 3 V 
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4.16 Find V 0 in the circuit in Fig. P4.16 assuming the op-amp 
is ideal 



Vo 


SOLUTION: 



hrwehJt'irCf ofr-amp con^ifyc&afi ' 
Vo = 

V 0 = f -sooo \( Q 
\ looo / 

Vo - -5V 
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4.17 The network in Fig, P4.17 Is a cunent-to-voltage 
converter or transconductance amplifier. Find v g /i s 
for this network. 


1 ft 



SOLUTION: 



KCL aJt V' : -is - 0 + O-Vo 

R 


is ~ Vp 

R 

\4_ - -R 

is 

Vo, - 

is 
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4.18 Calculate the transfer function i‘o/vi for the network shown in Fig. P4.18. 



Figure P4.18 


Solution: *)• \% 



KCL 

oJ: v-_ jG 

v: 



ft* 

% 

1+ Rf 

v, 


V ' 1 

=. V 0 




= V; 

Rt+ Rf 

x 0 = 

■ A- - 


R r tR r 


i'vvjaui: 


* 


T-KtWt&^O-t. •^U'ry dbc ery\ 


R.X 



_L 

Ri 



Chapter 4: Introduction to Operational Amplifiers 


& 


27 


Problem 4.18 


Ch04.indd 27 


12/4/08 3 


























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


4.19 Determine the relationship between vi and to in the circuit shown in Fig. P4.19. Find io/vi. 


# 



Figure P4.19 


Solution: IQ 


Rx 

WWW 



Ri = 8Q 
Rf = 6fi 


Souac 



x'vw-tMix' 


1 


fcfL 

Rx 


erv\ 



Rx — , Jin 




_L 

8 


4_ ^ - O'lir >5 
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Figure P4.20 

Solution: 4-20 


lo-O- 



R^iuJUt Os. bo-Axc i_xn &JuC&y\- 

Vn ^ -1*5 

V £ Rx 


V oS 

- -2.5 V 


V 0 * - 25 V 
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4.21 Determine the value of vo in the network in Fig. P4.21. 



-14 fl 
R 2 -11 fl 
^ = 2V 


Figure P4.21 


Solution: H-it 


Ra. 



KCL odt v-- T\ode 
\ ^ - ^6 =■ O 

R, i 

■a- g + v„ -g = 0 


IH 

II 


^0 =■ 

1-56 V 
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4.22 Show that the output of the circuit in Fig. P4.22 is 


Vo = 


R\ 


Vi-kVi 


Find k, if Ri = 5 £2, R 2 = 46 f2, R 3 = 6 f 2 , R 4=12 £1 



Figure P4.22 
Solution: q. 2.2L 



kc_L oJb Vi X'vvfcjucb : - Vy + Vo -Vy - o 

ft) R-a. 

Vc= V, 

. . ^0 - I") + V, - KVa. , lokxnc 

L Ri J f 

R* = q-2. 

*1 


K -^'2 
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4.23 Find V 0 in the network in Fig. P4.23. 


4 a 



SOLUTION: 


Hif 4 a 



Kcl at V- '• 5-H - W - Vo 

K. Ri 

V 0 — L/- C /) 

R, 

V 0 = M- ±L(l) 

So — OV 
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4,24 Find the voltage gain of the op-amp circuit shown in Fig, P4.24, 


J>OkOhm 



Figure P4.24 


Solution: 4-24 

qokOVw* 


Va. 


t - -AAAAA_—i 

u 

-- 

OA 

t) 3ck.0Wi 

R» 



OA 


— 1 



1U ■“ 

-WSM. 


36 kOVw* 

iu. 


Ttoo Slctlp vSdJUucUWi i 9 frv\dl Vi/V/ 

^~) Ktmd Vi. 

y LdoJj Ckv\^ + I, 


Vx- I, * 


I ^G> 


=> Ji t Vi 


7^. 


ta 


Vx - O' 2- S' 

VT Ka t 


Vi. = 0*2-5 
V ( 


X) op- Q.TWp aa jltv bciAtc 'Yvcm- Xy\\j enXC^ c©v^^^AAnaJUeri 


VV x 1 -t JU. - 3i 

V L R| 

OvoioJU ^(Xun A4 A- Vo - 


V, 


0)fe) 


TTIr] 
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4.25 For the circuit in Fig, P4.25 find the value of R[ that 
produces a voltage gciiu of 10, 



Vo 


SOLUTION: 



Mon- inv&JtirKjj. 

vb =. I -f R_i 

V/ 

| 0 r If IfXfQ* 

R, 
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4.26 Determine the relationship between v 0 and ?> ]fl in the 
circuit in Fig. P4.26. 



SOLUTION: 



K.VL • ~ 1/Ri ~t 

V, - I, Rl 

J, - Vi 

Vl * = (*■)?*') 

Ha = I 

Pi 

V, = ^ 

Vu P-.'tfti 
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l\/On- ivwe<Jt«ng Cp-arr^f? : 

\Jq ~ i A p 

v, R r 


Over ojx 




Vp - 

V* 

l YV 
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4.27 In the network in the Fig. P4.27 determine the value of V 0 . 





R t - ii n 
- le ci 
R r = 6 n 

R f = 15 o 
U L =4 V 
u 2 -6 V 


Solution: 


# 



KCL oJc : Vj -*x Xx. => v-„ = -E* ^ _ © 

Rz R x Rx 


KCL OJt V-_ x-yvhAjUt • - V x _ V„ ~ Vb 

*. " *F 


=> V; = * x 




Jk. 


© 


Stxbc^^tuJbiV\g >bke VoJjlU- Vv ^vevw e^updtA-'cno (3 ^ ^ J Ct 


v- - v 

y o V 2 - 


^—V g. ■«■ gp v 

U*x +I w(_ R| / 


Ri 


^ - -i-qiv 
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4.28 Find V 0 in the circuit in Fig. P4.28. 


5 kll 
-AAA- 


40 kO 
— -AAA- 


5 V 


© 


-A^A- 

5 kQ 


lv 


4 Vt 


■20 m 


Figure P4.28 


SOLUTION: 



Kcl out V. '• 5-V' = v'-Vo 

R. Cx 

V' -f V' = _5_ 4 Vo 

Rr R, R/ Rj. 

v '( = 5jh-t Ri^o 

v P, / £ j 

V' - \ 4 v o /J?l_\ 
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KCL Ojt V+ * V - Aii- 

R a 


V 7 = MRb 
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4.29 Find V D in the circuit in Fig. P4.29. 
10 kft 



SOLUTION: 


K,= 10 kn 



Kcl out V- 


f /Q-6 -f 2 — 

R, « 2 ^ 




J_ + _H_ - I ? - 6 - 6 r - Vo 

&2- Ai fit/ R s R5 


Vo- 31V 
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4 JO Determine the value of the output voltage, vp, of the inverting summer circuit in the 
Fig. P4.30. 



Figure P4.30 


Solution: 4-Jo 



KCL OX v-_ : V, -O ^ -Q -o = 

R 1 R-3 

v o “ ~ -Es£_ V-, - Jv£_ \r - _(*£_ V 3 

R. Ra. Ra 


V- 0 =• - 15 • 0 V 


O- V-q 

R-F 
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4.31 Determine the value of the output voltage, Vo, of the noninverting averaging circuit shown 
in the Fig. P4.31. 




Figure P4.31 


Solution: *f3l 





* 2 = 11 Q 
R.-5SI 

r f - w n 
i/ t = s v 

v 2 - 5 V 
v 3 - 9 V 



G 


KCL cub X-AbjmJb - y o - v- x - => i v o f Rx ) _g) 

P* *i V R x + Rp ) 


/.*-£ +-g£,\ [ J!±R3^i tg,R.3Q-, -rg t g A V3 ~l 

V *»- /L J 


Vo - 

-> - 1-7.84 3 V 


Vo"* 17-9 V] 


Chapter 4: Introduction to Operational Amplifiers 


Problem 4.31 


Ch04.indd 42 


12/4/08 3 
































Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


4.32 Ftod input/output relationship for the current 
amplifier shown in Fig. P4.32. 


R f 



SOLUTION: 


# 


r f 



KCL Cut V_ ±Asl ojb- G-nrvjb &n *Ajl 

JkJfX Aida, •' 

a in = Qzkk 
Pr 

\/ F — - X] 


Ojo - Cirr^p 
o/?-Cirnp 

M) 


Cno i-Aj. 9u 0 -Ai iJk 



a 


T)on-i'n\ye^Jbi 



Chapter 4: Introduction to Operational Amplifiers 


Ch04.indd 43 


& 


43 




Problem 4.32 


12/4/08 3:59:22 PM 





































Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


u 0 - Vq-Vf 







Xq — Vr- 

Ri 

l 0 — / Vf. \ ! Vo ) 

Jl m \ ^ no / \ Vp j 


^ iri 


(V) (#-) 


go — ^f 
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4.33 Find Vg in the circuit in Fig. P4.33. 


40 kOhm 



Figure P4.33 


Solution: ^-33 


*fo 



V X - zIsLis) - JLl Vp - (D 

Ri Rz 

KC. L Qjt Oj9 - OUTA^a - f V - V* - O 

v, - V (i + _ ® 
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Enjorm (2) V* — 5Vo 

V x- 5^o XKv ®, we. 

V 0 = -0-1IH V 
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4.34 Find v 0 in the circuit in Fig. P4.34. 


*2 



SOLUTION: 


*2 



TAe ofi'Cump uA (X mom- 

C&nfi QaifOJi ©yi • 


Vx = H£) 


Vx = v, ( 


kCL Odt V_ &j- thi o^-Ginv/b. 
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4.35 Determine the value of Vq in the differential amplifier circuit shown in the Fig. P4.35, 

R F 



= 6 Q 

R f - z n 
Uj - 4V 
u 2 = 6 V 


Figure P4.35 


Solution: 4*35 


Rr 



1st o|£>-<X’wv| 3 juo : 

V-, - X. ^ - V L — © 

Kci_ oJb jL*>v|aud I’wd o|p> - O-t^ : 

— Q 

u^dbu&rv CD ^ © lot- 

V 0 * ^-V.) 


Vq C 1-33 V 
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4.36 Find v 0 in the circuit in Fig. P4.36. 


R 2 A’j; 



—./VV'—|—vW— 



Ua 

*1 



V\ O-J 


— 


r 

r 


Figure P4.36 


SOLUTION: 


R 2 v' /? 3 



kCL CU V_ : V, -f v' -O 

R» R* 


V' = - v, 

R, 

kcl cut v' *. _vl -tvL^ y 7 ~ v q. =-° 

Ri Rtf Ri 

Vo — / Ra -f fo 4 0 V / 

\ Rx- R<-f / 

vo - ( ^ fb + *) /" ~ ^ 

\ Ri Ro / V Ri / 
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4.37 Find the output voltage, Vo, in the circuit in Fig. P4.37. 



Solution: *f-37 


R, =2H 
R 2 = 6T2 
R3 = 2 Cl 
R4 = 6Q 
V| = 6 V 
V 2 = 8 V 


Kcl 

QJt 

Vu 

1 

°t>- 

onrvLja 

1 : 1 

'x-v. s 

R.3. 

> V, - Vj. 

Ri 






-> 


.(i 

+ li.V 

. Ra. V*. 








Rt J 

'W 

KCL 

out 

v_ 

1 

s t- 

-amrvjo 

X • 


' - 

R. 








"3 = 

■■ 'fxfl 

f - 

Rr / 

' Ra- v-, 
R. 

KCL 

Out 


n 


- atnr\^> 

3 *. 


^ Vi 
R 4 









- Vu ( 

r Rn 









3 1 

^Rs + Rw 

) 

kcl 



1 


' <Uvv|) 

3 : 

y*~ v. 

^3 


- Vi ^ 






=■> 

v c 

i — ^z. ( 

i tga\ 

_ V 








l 

*4) 

£-3 


0 


© 



o 

« - © 
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f\HOTY\ (Qj UK- QC-t J V X - O 

we. get, 14 v 

Sub>ittJbxUvv^ voJLu,e, ^ -0>v e^uoixeryv (S) / vo t 

^Z.- v 

i. 

S4jJo«aXx^butt v\^ -tke VoJjulu Vi.and V> 4 ^ <-^cdaov\. ($), loejet 

V 0 ^ MiV 
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4.38 The electronic ammeter in Example 4,9 has been modified and is shown in Fig. P4.38. The selector switch 
allows the user to change the range of the meter. Using values for /fj and R 2 from Example 4.9, find the 
values of R A and R B that will yield a 10-V output when the current being measured is 100 mA and 10 mA, 
respectively. 



SOLUTION: 



Nom '/nvexl-i '^ 


ep> - amp '■ 


V 0 = ^ = IOy/ 

\y / - JR a - 0-14 a 


Vq — i o v 
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v 0 = /o/o-l O = 10 

R h - loSL 


V'= I<? 8 =0-OlRli 


Vo - iov'= lof o-oiRg) -£§_ 

I o 

Re - ) o 
)o 

loo XL 
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4.39 Given a box of 10-kfl resistors and an op-amp, design a 
circuit that will have an output voltage of 

V e = -2 V l - 4V 2 


SOLUTION: 


Vo — “^-V, “ ^ ^ 2 - 


A Swminnex coiJll jb&cducc. QjjJrfajJ: 

^iven: 



V, 

-A/W-- —'—r 




AAV - — 









r\ 




\A 

yy\A 




>x 









t/ 

V 0 


# 

• 







& 


Vo 

i 

> 

m 

t 

II 


V2 





P, «a. 


Vo - - 2 V, - L iV I 


TAe. ^oUbzuji'n f Ci stojLbfc ujiil oogaJ? : 
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4.40 Design an op-amp circuit that has a gain of-110 using resistors no smaller than lkfi. The 
circuit is given 





Figure P4.40 


If Ri =3 kft, FindR 2 . 


Solution: 4 • H 0 




Vo =. - = - no 

^ R, 

£a=_ - ll o 

Ki - 5 k-fi. , JtKm. Ri. — 550 k-0. 

R, ^3k-fX, 

Ra_=. 550 k IL 
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4.41 Design a two-stage op-amp network that has a gain 
of—50,000 while drawing no current into its input 
terminal. Use no resistors smaller than 1 kIL 


SOLUTION: 

Fo^l mo mjpuJ ctmeAt , (X mom- 
Ofo-arryb Can he uMd- 


Pq a Tv>gaJhi v^ \soJjuul , an- /hv&iirv^ 
Ojo - arr-fi can he UueoL 



v 0 


V — )~f Rx 

Vs R, 


Vo = - Rh 

V' 

Vo — - Ru / I •+ Rx 'l 

Vs C3 \ / 
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Vs 

QndL Vp — ~ 200 

V* 

R,- G* = 

2-50 — /~f 

XoOO 

R 2 = KJL 

~ 2oo — — Ru 

1000 

R w - Moo/c_Q- 


Chapter 4: Introduction to Operational Amplifiers 




58 




Problem 4.41 


Ch04.indd 58 


12/4/08 4:00:15 PM 







Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


4.42 Design an op-amp circuit that has the following input/output relationship: 
Vq=-18V] + 0.5 V 2 . TTie circuit is given 



# 


Figure P4.42 

If Rb = lkQ and Ri = lkfl, Find (a) R A and (b) R 2 . 
Solution: Ah 2. 



KCL out V + * 




KCL oJc V_ : 

=> 




v - V - Vx 

Yaf - - 

Vx - _ 

V* Rb 

Ya. = V>"V.- 

R.a_ Ri 

Vo- Vx / t+^\_ 

V R-i / R, 

^AA.ocUey\ (T) (x) J 


Vo 


" Ji-V, + 

R i 



© 


© 
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^ -l<2 V, -t- O -5 Vj. 

tu = \% ci\0Qj€- R| = i Ri- k-O- 

-1% vrw e^ucdU e^v-i © ; 

V 0 — V, -t R ft (1+1*) v *. 

Rfv+ R© 

- + \q R b Va_ 

R a + R a 

— -\% V, + D-5 Vj. 

'flxtxtJjCi/ie 


ft Rr - d-5 

R fl t R© 


-> Ck-oase R. b ~ 5 k_fl I8r JcVL 

R© 


TKoicj^^, 

Ca>\ ckoose 

Re,- i lc.iT- 

|r a ^ 31 k~a) 


Jdrxi. cjCvtw -cv\|uL*t/ SLUi^sut -HtloLXioyukl^, u>«. 

r, = a-kii, Ri- 3 « k-0-, p* = ns kii j 5kn 

, R,i \ k/T 


= is, k-O. 
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4.43 A voltage waveform with a maximum value of 

200 mV must be amplified to a maximum of 10 V 
and Inverted. However, the circuit that produces the 
waveform can provide no more than 100 pA. Design 
the required amplifier. 


SOLUTION: 

A r>on- iY)\j&Jnr& op-arryp ^oUoLoecl ^ 

(XT) invexkiric^ uo'iJl uso9^k ■ 


gam = - [O ~ '50 

o■ l £x 



Vq - " 

•Ri 


Vs 

R. 


Sejudt 

Rr- 

1 KJL 

Ri 

— 

~5o(- /ooo) 


— 

50. K .a 
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4.44 An amplifier with a gain of te + 1 % is needed. Design the amplifier. The amplifier is 
drawn 



Figure P4.44 

If R t = 8 kfi. Find R F . 

Solution: M-mh 



goui.'n , CLSC- ~Y\£fY\ - LT^Vtrt.ttW U^lOUtu&VT. 

Vo - M- - A 

A- IT + I */-, 1-1 if 2-I7M 

R-x 

Vj t ckoase R-x — 20 K-fi_ } R.p =- H 3 k n. 

A-3-15" cv.’ndl fckis Zs UjitKX’n JbK<- tAVv\A-t 5-III < A < 

IL Rx— 8Jc.fi. t + _Rf_ =- 3 -ir 
5 Ri _ 

Rf - H-3. 
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4.45 Design an op-amp-based circuit to produce the 
function 


v. = 5V, -4Vj 


SOLUTION: 


V 0 = 5v,- 



Kcl OS V- ' Vo-v, = V,-V* 

Ri r; 

Vq- Ri V| + V, ~ Rl V2. 

R, R. 

Vo= / I -tJiWl - Vi 

l R,/ -57 ' 

Se&ici R, = 5Ki2 


20KJ2- 


Chapter 4: Introduction to Operational Amplifiers 


Ch04.indd 63 




63 




Problem 4.45 


12/4/08 4:00:30 PM 


















Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


4.46 Design an op-amp-based circuit to produce the function 
V 0 = 5Fi-7V 2 . 


The circuit is given 



Figure P4.46 

If Rb = 40 kfl and R| = 8 kfi. Find (a) R A and (b) R 2 . 
Solution: M H 4 


# 



Use. baJt-R. + (Vnd - jOvxjujJts i:o 0-Cjtr + and - g oui.ruS 

K.CL Oct Vj- irAJsui: ’ V, - Vjc Vy 

R* *8 

y*_ =. R& __ d) 

V, Ra + ^6 

KC-L oJb Vl X-nhuJb : V p -V* Vx - V*-_ 

e*. *1 

=-> v 0 =- Vx/ M- \ - Ri Va. _ 

V rz, ) TTT 

6 utsictutivxy V* -jptfvw ^Axalicnri CD a-w © ? k)€^e± 


© 
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Vo — V, 

0 ( 

4 

1 

U 

Rj- ^ T 

CXOCLfC. 

R1 — 1 k 41 

—> 

R. 




fca . 

— £ Ckco.se. 

Re, =■ 5 k.n. 

=■> 

R-A "t R& / 




z k 

k-O- oa^d 

Ri - ? k-a. 



24 


Ra. - 56 k-0_ 
-_._ l 


Vj_ 


Ri^l kii. 


R A =-3k.O. 
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4.47 Show that Che circuit in Fig, P4.47 can produce the 
output 

V 0 = K,V, - K 2 V 2 
only for 0 ^ £j ^ K 2 + 1. 



SOLUTION: 


Vo — k,V, -Ki.V^ 

0 4 K, 4 k r -H 



V. 


o 


KCL QJt u-t • v,-v / 

<?. 


V 7 
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V' 





V' - (Hz W, 

{ R,i Ri / 

kd cut v. ■ v q~ v ' - v/ ~ v :- 

Vo = / —!■ — J—^ ~ Vx. 

U 3 Rt, / 



Tj. R L = 0 Jl ) K,~o 

T£ fi z j: OSL Our^L R\- O-TL 


l< i - I ■/" 

Ri 
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0 6 K, ~ «2,-H 


N 
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4.48 A 170°C maximum temperature digester is used in a 
paper mill to process wood chips that will eventually 
become paper. As shown in Fig, P4.48a, three elec¬ 
tronic thermometers are placed along its length. Each 
thermometer outputs 0 V at 0°C> and the voltage 
changes 25 mV/ °C. We will use the average of the 
three thermometer voltages to find an aggregate 
digester temperature. Furthermore, 1 volt should 
appear at V 0 for every ] 0°C of average temperature. 
Design such an averaging circuit using the op-amp 
configuration shown in Fig, P4.48b if the final output 
voltage must be positive. 


Paper mill digester 


Thermo¬ 
meter #1 


Thermo¬ 
meter £2 


Thermo¬ 
meter #3 



(a) 



SOLUTION: 
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op- amp 4+ I 

oa a surnrrvzA, • 

op- amp ^ 2 . 

an mvesjt iy^ op-amp 

- 


V, + Rr V, ~l~ R? V? 


_(?. 

Rj J 

Vo - 

-«< 

, . V X 




Vo — 

Re 

v, -+ Rf Vi -f R_e v 3 

i 

R* 

£/ ft. ft 


SthcJt Jk~= ££_ ' -£e- = h 
K, Ri 


Vo - Rq ( V| Yl ] 

£a v 3 / 

If AT, = io°c , Av= 0-2 5V 

Qrd AVo = ,v 

jflVg = £e r )/] 

Av, 1 S) 

A Vo — _(— 

Av, °' 25 _ 
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/Wo = M 

Av, 


Setjtcfc Rp ' * K-0- 


R,= 3KJX 


Vo shouJtdL ha overo_^ 
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4.49 A 0.1 -A shunt resistor is used to measure current in a 
fuel-cell circuit. The voltage drop across the shunt 
resistor is to be used to measure the current in the circuit. 
The maximum current is 20 A. Design the circuit shown 
in Fig. P4.49 so that a voltmeter attached to the output 
will read 0 volts when die current is 0 A and 20 V when 
the current is 20 A. Be careful not to load the shunt 
resistor, since loading will cause an inaccurate reading. 




SOLUTION: 



M-u-n T l =2oA, V i =OIT l . 

Vi= 0lO°) 

S/ x = ^ 

and. \sq- '10\J 
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d gam 10 uA rytfdUd a bu^Jtu^cL 

ibfeudt T-Aq Op >' drv fy AhotdcL bfL <X 0 * 00 - 

Cori|,gaiAii'sn 



Vo 


Vo = 
Vi 


H R: 




Vj 

Vi 


lo 


Select ^ 

io — Id 

lx /o 3 
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4.50 Wood pulp is used to make paper in a paper mill. The amount of lignin present in pulp is 
called the kappa number. A very sophisticated instrument is used to measure kappa, and 
the output of this instrument ranges from 1 to 5 volts, where 1 volt represents a kappa 
number of 12 and 5 volts represents a kappa number of 20. The pulp mill operator has 
asked to have a kappa meter installed on his console. Design a circuit that will employ as 
input the 1-to 5-volt signal and output the kappa number. An electronics engineer in the 
plant has suggested the circuit shown in Fig. P4.50. 



Figure P4.S0 


If Ri = lkft, R 2 = R 3 = R 4 = Rs = 7.5 kft, R« = 19kft, Find R 7 . 


Solution: ^-50 
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KCL Cut V, ; 2 -H -Vi =- Vu_ + V, - Vfc _ ( 7 ) 

k-t Rx R-3 

KCL oj: V k ; V, - V k _ Vi _ © 

oj? - I cut YUO'W - t/VW LM-biv^ L»V\|jA wu : 

Ujt Ra_= R-3 r- — R-s-s- R 

£ V k t v, =. 2 -Vk - Vi _ © 

£ V, : 2.H ft - V, (*. Rl t R) - V k ft., _ © 

^UcU xm R + Vf _ © 

3 R.| i-ip 3R, rxR 

Also, V k - b + *nVs 

At Vs - |V v k s. V o^d out V s ^ 5 V , v k ^ 2 0 V 

1kcn<Wvc nnn=. AV* — - X a*\d b- 10 

° A V s 4 
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10 + =■ Jdh — r ft -t ft) v. -- © 

iR.) "T 3.R 3 Ri "fill 

W«. W\vt , i R-o. ( R-i-rkxx 


SjjJo’iXxkXiXi'rA VoJLucs ®Jr R, OJnd R JUm ^U.odtLcm. 
toe. fjtk 9 0 


V^=- ID + 2-Vj - lo-t- 9*s~ 

IS 


d 


■ ■ a. Vs - ±£_ o l& 

IS ^ 

=>> Q ^ 3C r- 3 - 79 

^ 9. r 

Fh«tv\ <^u.oJti©y\ © y lo€-^ct 1+ R*t =: 3^9 

R t .=. 19 k^J- 

R 7 - 5 3'0I k-O. 
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4.51 An operator in a chemical plant would like to heave a set of indicator lights that indicate when a certain chemical flow is 

between certain specific values. The operator wants a RED light to indicate a flow of at least 10 GPM (gallons per minute), 
RED and YELLOW lights to indicate a flow of 60 GPM, and RED. YELLOW, and GREEN lights to indicate a flow rate 
of 80 GPM. The 4-20 mA flow meter instrument outputs 4 mA when the flow is zero and 20 mA when the flow rate Is 
100 GPM. 

An experienced engineer has suggested the circuit shown in Fig. P4.51. The 4-20 mA flow meter and 250 resistor 
provide a 1-5 V signal, which serves as one input for the three comparators. The light bulbs will turn on when the negative 
input to a comparator is higher than the positive input. Using this network, design a circuit that will satisfy the operator’s 
requirements. 



SOLUTION: 
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Mant V 6 ^ V y Pm 

= no (jiaco) f ]d 

-j-l/x-0 ? 0 j ^ 4" no A 

-ptnO = |oo y 1^ =. <50no/I 

Ar>(\ 0 ‘ ^ = m(o) + b 
b- 4-x \o _B 

<3 0X10* = m0oo)+ 4-XIO"- 3 

-3 

ro - O' IC X I 0 

I^r O' 14* -f ,0U) r 4 ' X '° 3 

i - 

v, - 5t) (I fc • 8 X i o’ 

v 


v s = 
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StSUdk = 11-iJX 

R,= 1-86 (cJ2 

cn v^Iouj — 606 pm 

Tj = O'i6'i(o' i f6o) ■'•W'Xio' 3 
Ts - wA 

Vj = 150 ( i3-6Xlcf 3 ) 

Vs = 2- 4 V 

Ujarut = 3 4 V 
Vy — 

Rtf-hQ? 

2-li = llRy _ 

SeJUdt I kS 2- ) Rj - 2.-5JKJ2. 

cut ^i£>U 3 - 106 
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o 

11 

H? 

l&X lo' 3 (,o) -V 4-XIO -3 



V' 

«?<n> (5". 4 x io -3 ) 


1 4-V 

A- ’• 

4-V 

|. A- - 

12-^t 



/{jJjXX ~ 

. -- 157 


AxAxOT /\ x - ^4, - ^6 ~ 

£ _ I . k -Tw 

R r * 7.5-^^ 
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4.52 An industrial plant has a requirement for a circuit that uses a input the temperature of a 
vessel and outputs a voltage proportional to the vessel’s temperature. The vessel’s 
temperature ranges from 0° C to 500°C, and the corresponding output of the circuit should 
range from 0 to 10V. A RTD (resistive thermal device), which is a linear device whose 
resistance changes with temperature according to the plot in Fig. P4.52a, is available. The 
problem then is to use this RTD to design a circuit that employs this device as an input 
and produces a 0-to 12 -V signal at the output, where 0 V corresponds to 0°C and 12 V 
corresponds to 500°C. An engineer familiar with this problem suggests the use of the 
circuit shown in Fig. P4.52b in which the RTD bridge circuit provides the input to a 
standard instrumentation amplifier. Determine the component values in this network 
needed to satisfy the design requirements. If R| = R 2 = R 3 = 100Q, R 4 = R 5 = 4KQ Find 
Rg. 



Temperature in °c 

Figure P4.52a 
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Solution: 


# 



Vi — 12. P-jtrp 


(Ky + K'R.TP) 

KcL VL.J. * Vi — _12 Rjy 

^•rtd (T) i R^ TJ) — K, t K^T 

AJr T*Ot, ^R. T p — 

Art T- 5boc ( Rr. Td £ 00 -^ = loot Ka-troo^) 

K x ~ l-ay*. 

=> Rr.td *■ loot T - © 

b*- Wo W <- R, - Ra. - R.5 = I DO-A 

Now 12- V| _ Vi 

loo (00 t T 


ll-V - 


I -*■ T /l, 


© 


OD 


R = R 3 tloO-fl- -un e^UjftXl'em (D , tol flct 
= 6 V 


Vj. - 


12. y > jo 

loo -t 100 
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KC-L Qjbr V] Qir dt : 


- Jfa-T ^ -t 

Re, R.t, 

Kcl cut \>^ out Rs ' ^4 'vwade-. 


-t Vi-V3u - Vj. 
£flt ft-s" 


l0<- k<^v£- Rq — 

H k-Q- 

Fkowi. 

^AxoJtievu © ; vue. ^ tt 

- V, 

V-. - V-*. + • 

^ - v^ 

Af 


Rw 

JuM^ayVU 

€^JL0jQ.Vy\ © ; toe. fttt 


- + Vi-Vi - 

v»k 




Kx-owy «ij-U0utiem4 © Ouad ® , 


^ f 1PP + L 

J. > / | 


V 2-00-t T 

l 

hJt 

T- 0 , V 0 — 0 V 


AJt 

T =. roo°c 


V 0 = 

. 2-M ( &DQ - X"\ / 

klDO *V k 

_ 

| M- 4xit> 
RCn 

U<, 

lo k. -C- | 



lO€. 0-t± 


■fet-') 
Re, / 



© 



© 
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4 FE -1 Given the summing amplifier shown in Fig. 4PFC-1, select the values of R 2 that will produce an output voltage of -3 V. 
a. 4.42 kil b. 6.33 left 

c 3.6 kil d 5.14 kll 


*2 



SOLUTION: 

The correct answer is c. 


= 


. 4k 
V„ = -3V 


* 2 V)-f-^](-2) 


12 k 


1 


-3 = -1 m(R 2 ) + — m(R 2 ) 
6 


-~m(R 2 ) = - 3 
R 2 = 3.6KI 
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4 FE -2 Determine the output voltage V„ of the summing op-amp circuit shown in Fig. 4PFE-2. 
a. 6 V h. 18 V 


C. 9 V 


d. 10V 


Figure 4 PFE -2 


18 hit 


36 k£I 



SOLUTION: 


AAAr 



The correct answer is b. 


K =~2 


f m^ 


V 6 k J 


( 4 ) +1 


f 18)0 


K = -v x 


r 36k^ 


6k j 


v 12 kj 

r 36 jO 


= -A.5V 


\\2k j 


K = 4-5 


^3 6k) f36. k^ 


6k j 


v 12 kj 


V 0 =18V 
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4 FE -3 What is the output voltage V t , in Fig. 4PFE-3? 
a -5 V h. 6 V 

C.4V d —7 V 



SOLUTION: 





The correct answer is a. 


• V x V 2 

if = —+ — 

7 R, R 2 


6 2 „ r . 
— —l— — 2..5 A 
3 4 


V 0 = -i f R f = -(2.5)(2) 


rv 

F 0 = -5V 


Chapter 4: Introduction to Operational Amplifiers 


Problem 4FE-3 


& 


Ch04.indd 86 


12/4/08 4 

































Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


4FE-4 What value of A 1 , in the op-amp circuit of Fig. 4PFE-4 
is required to produce a voltage gain of 50? 

a. 135 kil 

b. 210 kil 

c. 180 kil 

d. 245 kli 



^ SOLUTION: 

# 

The correct answer is d. 

The op-amp is a noninverting op-amp. 
R f 

A = 1 + — 

R f =(A-l)R l 
R f =(50-l)5A: = 245 kn 
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4 FE -5 What is the voltage V H in the circuit in Fig. 4PFE-5? 
a. JV 
h. 6V 
c. 8V 
d 5 V 



Figure 4PFE-5 


# 


SOLUTION: 



The 8kQ and 2kQ resistors make up a noninverting op-amp. 

f 

M 5 = 25V 


V l = 1 + — 

l 2k) 

Use nodal analysis at node A: 

V,, v-v V. -25 


R, 


■ + ■ 


R, 


2k 


= 0 
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V V -5 V -25 

—— H + ^-= 0 

Ik 6k 2k 
6V 0 + V 0 - 5 + 3V 0 - 75 = 0 

10V o =80 
V=8V 
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5.1 Find I 0 in the network in Fig, P5.1 using linearity and the 
assumption that I 0 = 1 tnA. 

2 kft 3 kft 



SOLUTION: 



/ksujnoc - lm$ 

Vj s -Z^ (6k) s dm (6k) — G V 

Ji = ^ 

2k 


KCL ^ i: I x ~ Iq ^ I, 
s dm 3m - 4no/) 

ICVL A-tabJc Xocjy. 

v 3= 3*0310 +V, = 4mG3k) + 6 = 18 v 
Kcl 1^ m J 3+ j 2 

14 . = A. + = _ia 4m -InA 

bk T Si T 


Kvl cotCi-L-t^cL. Jjo ; 

= 1+ ( 2 + ^ * -21 (dmj-f 18 = 32 V 

TKj^ o/Vt-wlL VclLlu^ -u. Vs- £>4*V 


3X _ 6 4- 

T ~1T 

_xrn ^ 


x= ^ = 2mA 
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5.2 Find /„ in the network in Fig. P5.2 using linearity and the assumption that 1 Q = 1 mA. 


4wi 4kfl 



Figure PS.2 



1 ^ Iq - lmA ^ V, ^ V 

x t - + x o t V|_. - 2.-5 0 m A 

^ooo Sooo 

=- ho ooX, + V, - IM.o V 

X; - v 3 - - + x, - 6-00 rr)A 

Hooo 

eua T s QcbaoJLL^ ejpjuUU /xrti A 

50j lo~ 3 x 12 .x/o' 3 

6 x i o' 3 

Xo ~ 2,-00 nn A 
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5.3 Find I 0 in the network in Fig. P5.3 using linearity and 
the assumption that 4 — 1 mA. 


2 mA 


h h 



8 m 


Figure P5.3 


SOLUTION: 



8 kn 


$SSUSf)t Iq s -im A . 

Kc l CKt 1 ; 

71 - Vi. , im , __±~ * 1. 33mA 

* !2k + 12k 


kvt QXoimci rrudoUz Jbo&p : 

N/,« I x (.3k)-r V z = i. 33 m (3*0+ 

kCL a I^s 2, J z 

X» - V < + i. 33m = 8 t 1.3$rr> * 4mA 


3k 


3k. 


PidtXHaJUy^ 



J S z 

3-na ( dm.)* 0> 5mA 

\+«) 
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5.4 Find V 0 in the network in Fig. P5.4 using linearity and the assumption that V a = 1 V. 


# 



Figure P5.4 


Solution: 4 



» gk-CX, 5kJl, R.^ R c -2k.O-, R^lk-O. , R. 5 ~ hkSL 


V D =. l V , X 3 ^ ^ _L >V,A 

8 

V ^ ,v 

=. V R( t v 0 = 2 V ; 

V 4 =■ V R^ 2V ' 
^-2. - y^L. v«i. 

*3 Rj_ 

-j- X 3 — 1 ■ 5 3 Vy> A 

Vj_ -- -f v v 

^ 3-5 3 V 

=■ ^ -t- x* 
*s 

- 2- 4/ mil 

Vs =■ I, *4 + VI 

- 8-35 V 


fiuujt V s O^^LoJJ^j e^AJjoJu 5 V 

So, Vb _= 0-59Q V 

8-3 5 

V 0 = 0-60 V 
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5.5 Find 4 in the network in Fig. P5.5 using 
superposition. 


6 kft 


3kn 


GV 


1- 

i- /vV - 


+ ) 2 Mil 

L; 

c 

r 

2 mA 


3 k£l 


Figure P5.5 


SOLUTION: 

6kJl 



3kfl 


(6kll2k) + 3k..4~ SkSL 



& 0‘ <B nn(\ 
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(sMI (3k. -t 3k))» 3k SI 

r '°* (ifhk) (:U)=0 ' 6mA 

I 0 r 0- Cm -+ 0*€rv> - 1 • 2mA 
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5.6 In the network in Fig. P5.6 find I g using 
superposition. 


12V 




6 kfl 

VW- 



6 mA 


Figure P5.6 


56 kfi 

i / 0 


SOLUTION: 
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£" = (£kll£k)= 3kSl 
X\~ t— &K —-\ 

T, -3 .&rr>-h Ok™ =-3‘2.m A 
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5.7 Find 4 In the circuit in Fig. P5.7 using superposition. 
6 kO 2 k.tt 2 k a 



SOLUTION: 


6 Ml 


2 Ml 


2 Ml 



z*n 
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r. (£kll(ntJLt2k))'3U 
i: - - im * 

J 0 9 - 4m -f lrr> * - 3mA 
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5.8 Find V 0 in the network in Fig. P5.8 using superposition. 



* 


2wi 

6V(+) 3kn: 

4i« 

L j 

p6mA ! 


Figure P5.8 


Solution: 5'8 




JWWL 

«i 


6V 


d> 


- 9 




G) 


R,=.2kil, r 2- - 


HU-ft, Kv < 


Rvj - M Itil 


)4mnA 


_/VWV. 

Rf 


Va, 




Ri 


f 




+ 

Vj. 





R Hz = (MK 2 _) t *3 = 5 ' iokiL 


- = 2-1 a kC_ 


Yl= 4 f I ^ 3-13 V 


Vf X| 


* 6 m A 


V - V 

v oi - 




= 1565 V 


X, =• 6Xlo 


-3 


f- ** 1 

[_ r h^ 


Ms =- V Q | + V Di 


“I 

Ij — 2- t>l hr) A 

X, C.3 - lo-HH V 


Vn - U-& V 
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5.9 Find V 0 in the network in Fig, P5.9 using superpositon. 


2 m 

vW- 


2 kfi 



Figure P5.9 


SOLUTION: 



I'. I ..) = 2 


12k.-t Zk 

V* = 2k.(2-2S“m)s 4-«5V 
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R"- 3k.11 2k « i.2k.O. 



V" - 2 k( /• Tm) = 3 V 
V„ = -T-T-t-a* Ti - V 
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5.10 Find V s in the network in Fig, P5.10 using superposition, 
3 kO 3 kfl 3 kft 



Figure P5.10 


# 


SOLUTION: 


3 kil 3 kil 3 kfl 




4-5 


6 V 


GV 
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' 6 x !• 3> 

4.a 

V Q c ^ ^ = 0* 7 5 V 

TT *-5 

3k-n_ 3k A. 
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I 

• * 



e) / )■ V - 3 , Sir V 

4,& pa 3.38V 


JLL'Iks^ o&M&n 

v 0 "t V7jV 1 
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5.11 Find I c in the network in Fig. P5.ll using 
superposition. 

12 kfl 



SOLUTION: 


12 Ml 






20k sl 
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AAA_ 

2.0k SL, 



# 


ss ~ 6 — — — 0 > 3 

20k 




12k si 
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12k/j 24-k =8k a. 



<S> 
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5.12 Find I 0 in the network in Fig. P5.12 using superposition. 

6 kO 



SOLUTION: 


6 kl i 



3oV 
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£« (,k 11J.2.k = 4kJi 



X / -jEk—-- \f 

\4k+ 6k ) [ J 
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I’ . /_=_£_ \ s - 0-6mfl 

l, 4kt 6k J 

— O'6m = O* 4m/) 


# 


% 
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5.13 Find I A in the network in Fig. P5.13 using superposition. 



SOLUTION: 



i;. / _±2— ) = 4 * 

\ 20 -t-5-HO / + 



i; = /_5±2o_y. ^ =. is-t 

V 20+5-flO A ' T 
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2 oil 
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5.14 Find I A in the network In Fig, P5.14 using superposition. 



SOLUTION: 



!8kiL 



lfcklL 


iA 



l£kfi 
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2*1 s ” 2rf)(\ 

l-l-j- 

J 3 -I x 

V i lt r 

t- 

£ + r= h 

I- T 3 ' I, 

kVL auiiv 

34 + I'5I’+ d2kl + £kl 3 = O 
4-SJ x t I8klj = -2f 

Kvi Ajdvd'. 

ize .r + 6k x, = 0 
18k ^ = - 2f 
- — /• 33mA 
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4- 5I Z -fl&k (- I-33nr,) = -2? 

T = - 0-66 »m/) 

J A s: — 1- 33 m -f- O- 

— — 0 * 66 7 no A 

= - 1 > 


Chapter 5: Additional Techniques for Circuit Analysis 




27 


Problem 5.14 


Ch05.indd 27 


12/22/08 4:46:20 PM 




Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


# 


5.15 Find V„ in the circuit in Fig. P5.15 using superposition. 



Figure P5.15 

Solution: S' 15 



R, 

-aAM--AAAA- 





Ra.ll I kJl 
V ol = =- ft V 

Rfl + Ps - 


aaM aaaA 



v 0z - -4- Ja. ^ -2-V 
a. 
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V05 = oV 

H>i + V 02 .1-V 03 

1 — -— 1 

V 0 — €» V 


# 


% 
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5.16 Use superposition to find I 0 ia the network in Fig. P5.16. 



SOLUTION: 
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5.17 Find I 0 in the circuit in Fig, P5.17 using 
superposition. 



SOLUTION: 
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5.18 Use superposition to find I 0 in the circuit in Fig. P5.18. 



Solution: I 8 



— I * H 3 k-O. 
Io, - _J«_ 

Ri + C,v+ 

3^, - a*8o wnA 




R 3 


Rg ^ (_R ( t R m )|| Ra. ^ 

V B - 2.H . Rb 

^ 5-3H V 

- v s = 1-07 no A 

R, •+ R^ 
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Rp ■= (RillRs') -2*H3U 


-3 


T = - | o X I o . _£i 




= - 4-21 rn A 

Xq — Xo, ■+ 3-o x ^ t 


- -3* 48 vr) A 
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39 


5.19 Use superposition to find I g in the circuit in Fig. P5.19. 



SOLUTION: 


# 



2kO 




3kiL 



CkfL- 
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# 






2k. A. 


6 It a- 
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# 


5.20 Use Ttevenin’s theorem to find V a in the network in Fig. P5.20. 



Figure P5.20 


Solution: 5- 2.° 



ffkil, M ^3= S'WiX 


3 V 0 




^Th 


R lK ~ R, II Ra. =5 II H ^ ia- 2 Z2 k-O, 






-r 

V 0 


V, = t-o. 


fcz 


ft, + Ra_ 


= c-o. ±L 

Q 

- - S = -2-66 V 

3 

V oc ^ |i d- V x 

- 12. -_2_ 

3 

- V 


V 0 ^ 


q-33 x_kg_ 

r 3 + R ik 

q- 33 x _L_ 

7-22- 


Vo - <>H4V 
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5.21 Use Theveniifis theorem to find V 0 in the network In 
Fig. P5.21 


+ Vo -? 



2 mA 


# 


SOLUTION: 



2 mA 


Vic * 2^ (2k), +v 



= +-+ 3 = IZV 


8V 
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^£LL + 2k = 4La 

3)L't , '€k 


# 
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5.22 Find / Q in the network in Fig. P5.22 using Thevenin's 
theorem. 


4 kO 



SOLUTION: 


# 




2lOL 
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Voc * 2m (3k) = 
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5.23 Find V 0 in the circuit in Fig. P5.23 using Thevenin's 
theorem. 

1 kft 



SOLUTION: 


<s> 




v; = i2v 

V 0< . * 4+11= 1GV 
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5.24 Use Thevenin's theorem to find I 0 in the network in 
Fig. P5.24. 


2 mA 



SOLUTION: 




Y, e . 4-* 1.33 3 s 5 333V 
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5.25 Find V 0 hi the network in Fig. P5.25 using Thevenin's 
theorem. 


3 1 

r 


L 

1 mA 

Cs . 

y 

3 kfi 

6 k.Q < 

I 2 kQ I 


Figure P5.25 


-o 

+ 

Vo 


SOLUTION: 


# 



% 



j2i__1/ino) = 0'2mA 

ei-r Ilk J L J 

— O'2m - — l'2-V 
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V. - / 2k W s) - O'iiV 

{ 2k-t 3.6k ’ 


<S> 
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5.26 Find I Q in the circuit in Fig. P5.26 using Th^venin’s theorem. 



Figure P5.26 


Solution: 5-2-4 




“3 


"k "t" V 0 c. "t R3 — O 

=> V oc - -I« V 


Ktk = R-3- K-n_ 
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r h 


^ ^ Zll 

^4 + 


x 0 = -2-25 m A 


# 
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5.27 Find 4 in the network in Fig, P5.27 using Theveidn’s 
theorem. 



SOLUTION: 
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5.28 Find I„ in the network in Fig. P5.28 using Thevenin’s theorem. 

3ki> 



02mA 


Solution: 5-2.8 


R. 



Ri 


Lm A 


Boj, SAJL^w.fJOiitiCo'vv. 

I Ri. 


—AA/VL- 

R, 




o + 
VoC, 

J- 


Voc, - 12. V 


^mA i 


Ri 

6nnA 

[ i* 



=) *> I 


Zhn A 

1 

- 


VoCj. - 4XI0 3 + 6X to" 3 R, 

V 6 c, =■ 30 V 


Voc - V f + Voc. 
V 6C _ ^ V 
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*Tk = ^ + Ri - &kSL 


Vo t 



x - Vpc 

V R T)v 


1*=- h-Ll vr>A 
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5.29 Find I 0 in the network in Fig. P5.29 using Thevenin's 
theorem. 


2 mA 



SOLUTION: 



V„ c = ik(-iro) =-iV 



1 k.SL 
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^oc = 0 

V oc = -1 + 6 + 0* 5V 
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5.30 Find V 0 in the Fig, P5.30 using Thevenin's theorem. 


3 mA 


6 V[ + 



4 kf! V' 


2 kO 


Figure P5.30 


SOLUTION: 




u 


V 11 

he 
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3mA 



7 /; _ ( _ ik _ 

^ -( 4t+/2ki-2k/ J 

V oc * 2k (3m) ■+ lQ:k (0* 6?w)* 14*V 



= /_£L_-Vim) 0*22ZnoA 

V 4-itI2.ki-2kj^ ' 

V t m 

oc. = i2k (0'222m) = 2.6*V 

Vot = 4- +14- + 2.6* „ 20'6»v 
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-wv- 


l^TH * 




V r20'6^V 


4k.a. 


£ Th = | (2k -+ 4k) || -+ 2k = 6k.a 


=[(. 


-t 



( _ ik - \ito-6t) = B. 27-v 

l a J 
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5.31 Use Thevemn's theorem to find V 0 in the circuit in Fig, P5.31 


i kii t 

i c 

^2mA 

2 mA 

> 2 kO 


2 k n 

ky 


4 mA Q 

D i 

1 1 kfi 

> 1 kfi l 


Figure P5.31 


SOLUTION: 



% = lk(2m) + 2l:(2m) 5 . Z+4- = 6V 



= 2k (4rr.) * 8+ 4-=. 12V 
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# 



2 k (2m) -t lk(^)i- 2k= ±0V 
10V 

V 6C . 6+lz+±0-28V 



2k-a 



T*1 
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_ik_ \ 

i* + a ) 



4-V 


<s> 
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5.32 Find I c in the circuit in Fig, P5.32 usingTbevenirfs theorem. 



SOLUTION: 


# 




Vj = -Ik (2m) — 2.^ 4- = £V 

v; t a cv 
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AW- 

2V.SL 


IfcJl 
-AAAr 


•p . HI 

Voc 


4rrtA 


0 


V’o'c = 2k(4„) . 8V 

V sc = iZ+6+a = 26 V 
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5.33 Find V Q in the network in Fig. P5.33 using Th^venin’s theorem. 



1 mA 


Figure P5.33 


Solution: 5- 33 


Inn A 




I mA 





Ra 


^ i 

+ V o - 

c 

v3^A /X 

D 0: 


- 3k^l, Ra,^ ^ I S" kJO. , 2kA 



-2 mA, -1 mA 

-1| — 3im A = -? - l rrj A 

V + 

Vot ^ “TV 


= o 


R-TK - Ra, + Ri = 3'5 k-O- 


71 


# 
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A* 



# 
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5.34 Losing Tbevenin’s theorem, find ! A in the circuit in 
Fig. P5.34. 



SOLUTION: 




t 



V s = 5(o?) 4- 3o(?) - 50V 
^oc 
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\4c = So +* 50 , it ov 



R Th s 35-0. 
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5.35 Find in the network in Fig. P5.35 using Thevenin L s 
theorem. 


40 V 



SOLUTION: 


# 



\l, s (_£i --Vo) = 

^ 6k-r 4-k + Sk/ V 3 

Vac. = - M- V 
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J\ /_2k_ r V»») = 

[8L+4-k+6k/ ) 

\j' c _ Sk (O' S^rr.) + 2k[2rr<) «J^.V 

V K ^ t-a! = - 





8k)) |SkJ-r 2U 
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V 0 = - (i- = -Sv 
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78 


5.36 Use Thevenin L s theorem to find I c in the network in 
Fig. P5.36. 


24 V 


3 kfl- 


Figure P5.36 


n 

X e m 

2 mA 

u 

11 Kl) 

2 mA 


U kn 

\lo 


2 kO 


SOLUTION: 




> 6 kii 




< 

1 

. + 

Voc 1 






2 kll 


R'= s3k| Glc = 2 ksi 



Vac = 2k(-irn) r -2V 
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2k. iI. 


V/c . 2 k (U) = 2 V 
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\C = 2 k (4-™)= 8v 

S/m. s -4+2. -V&= 8v 



Chapter 5: Additional Techniques for Circuit Analysis 


& 


80 


Problem 5.36 


Ch05.indd 80 


12/22/08 4:46:39 PM 

























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 



T 0 a & -- - 1. Grr>(\ 

lit 
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82 


537 Find I Q in the network in the Fig. P537 using Th6venin*s theorem. 



Figure P5.37 


Solution: 5-51 


R.5 



12 V 

■o- 




e«r 


■R 3 




Vfec, s »2. R* 4 = €. 84 V 

+*3 



Ra = II ^ 

1 . =- Ra 


R,-t Ra.te 3 
-3 


— I-IH mA 


I X -“M*| 6 \ R, -t Rz, __ -2 84 mA 

R,+1^4*3 

W = 2 ** 3 - V 
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Kill (R a . + * s ') = 343 k-0_ 

V 3 = 3xjo“ 3 (^R A -Me a ) = 13-3V 

Voc- V oc, + V 0Ci t Voc 3 “ 13*3 

Rtk ‘f-HSk-Q- 





T 0 - Voc 
R 4 

= 13 - 38 W 

2 .+ M-H 2.8 

= 2-Otfcr - 2 D7 m A 
X G - Of mn A 
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5.38 Given the linear circuit in Fig. P5.38, it is known that when a 2-kfi load is 
connected to the terminals A-B, the load current is 16 mA. If a 14-kfJ load is connected 
to the terminals, the load current is 14 mA. Find the current in a 28-kfl load. 



Figure P5.38 


Solution: S’* 36 

Rtk 
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Rl- ^ J z. 11 ho A 
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R l r IHk-O- } X 0 — iMm A 
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Voc - m xio' 3 ^Rnv 1 ^ 
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R Tk ~ 8ZkSL f Voc - I3MH V 
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5.39 If an 8-kO load is connected to the terminals of the 
network in Fig. P5.39, V aB = 16 £1 [f a 2-kQ load is 
connected to the terminals, V aB = 8 V. Find V aB if a 
20-kQ load is connected to the terminals. 



<s> 



\L - 

^ * ( — ^ p —V^ol.) 

\ 2k+ 

16 (81c -t -t- &») 

gt 2k 

£ t h - 4-ksi 
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5.40 Find I 0 in the network in Fig. P5.40 using Norton's 
theorem. 


6 kfl 3 kft 



SOLUTION: 

6 kSl 3 kfl 



# 



3v 
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5.41 Use Norton's theorem to find / in the circuit in 
Fig, P5.41. 



Figure P5.41 


SOLUTION: 



6k/13k ~ 2k sl 
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Z e. 4m- 2m s 2m fa 
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5*42 Use Norton's theorem to find I 0 in the circuit in Fig. P5.42. 



Figure P5.42 


Solution: & <-|2. 





= - it-n-; 4 k-a , Xs~ 4 vnA 
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X 3 =■ 0-B 
1-2. ~ “3*X no A 

- I, -X^ - ~2*R ryiA 

Rtv = R, II Ut + Ra-t *>0 
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5.43 Find I 0 in the network in Fig. P5.43 using Norton's 
theorem. 



SOLUTION: 



I, • Ire 
1 + Isc 
t. I>~I, 

iv i,. z 

r, j 3 - i, 

i- 

KVL 44* : 12 = Gk.l'+2k.I 

kVL /felht Mop : 3ltT+ 4Wy J(2kJ= 0 

C^3” I) t ^*3 - C 1 !." l^)(2k)= 0 

_ 3kX,_ Sklj. t ‘iklj = 0 
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# 


5.44 Use Norton’s theorem to find V a in the network in Fig. P5.44. 


2 k n 



4 kn 


Figure P5.44 

Solution: 5 rL tH 



R,*. zk-O., 

R z - 



^sc.. ” 16 — M’S" ho A 


= -2mA 


Xsc - -^5c» ^ ^ mA 



R-tk. = Rx ~ M k-CL 
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5.45 Use Norton's theorem to find V a in the network 
in Fig. P5.45. 


1 kft 



SOLUTION: 


# 


i k n 



% 
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5.46 Find V 0 in the network in Fig, P5.46 using Norton's 
theorem. 



SOLUTION: 
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5.47 Find I 0 in the network in Fig. P5.47 using Norton’s theorem. 



Figure PS.47 

Solution: 5*' H"7 



= 5k-CL ■ 



CT i -3 1j * to" 3 _ © 

WL fi x i ■ **.>* + i s e3 + 8 ^ o 
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5.48 Find Vc, in the circuit in Fig. P5.48 using Norton's 
theorem. 



SOLUTION: 



J L ; JJL = i 8 rrtA 
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5.49 Use Norton's theorem to find I o in the network in 
Fig. P5.49. 


24V 


3 k fk 1 


p 

1 p 

Ibkn 

2 mA 

r (O) , 

2 mA 


1 kJ ' 

► 4 kQ 

'lo 


2 kll 


Figure P5.49 


SOLUTION: 
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5.50 Find I a in the network in the Fig. P5.50 using Norton’s theorem. 



Solution: S'-so 


# 



18 Y 



^^<><-|304LtXcrYV 

Xs- - il - 3 X to " 3 . 

R l V**3 

X SC| = 2 -^ mA 
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K* - *w1IR r * bL 
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5.51 Find V 0 in the network in Fig. P5.51 using Thevemn's 
theorem. 


2V A 



SOLUTION: 



i2 * Va + 2V’ + V oc 



ICVL qmjous^L oio 


Iz 


y"= 4-v 

A 


V' = = i^A 
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5.52 Use Thevenin's theorem to find V 0 in the circuit in 
Fig. P5.52 



SOLUTION: 




I * - Ik. 

6 = X(JU0 + 

6 - ■+■ IkO* 1 *) 

Ivt ” 6 
1st 'T«. = 
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5.53 In the network in Fig. P5.53,, find V 0 using Thevenin's 
theorem. 



Vo 


SOLUTION: 



J s 0 ‘ 


\4 ts /6 Voo) -f- 12 

Vo*- . 



•ZiC s - 12>rr)f\ 

lk/l2Jc 
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# 


5.54 Use Thevenin's theorem to find I 0 in the circuit in 
Fig. P5.54. 


+ K ~ 



SOLUTION: 


Kx i 



7.V X 


20 = V xt 4b I -FZVx 

20 = 3 V X -h 4Ll 

Vx= 2o-4kX. 

3 


20 = 
20 


21:1 -t- 4bl-t 2.V X 

= 2lcl + 4b I * 2. 


20 - 4b ll 

3 J 


20= £lcl t 40 _JLk t 

3 3 **- 

I* 2rr>/) 

V x _ 20- 41c (2nr>) _ 4V 

3 

V oc= 4kO) + 2(4-J - i6V 
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5.55 Use Th^venin’s theorem to find I Q in the circuit in Fig. P5.55. 

/„ 



Figure PS.SS 


Solution: 5-55" 


R 3 


dr 




la. 


- ZV X . £a_= IV 




Voc-VV^TV 



Vos- S-H3 V 


I S c - Yl'V - v* - 2-38 TV) A 
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5.56 Use Thevenin's theorem to find V 0 in the circuit in 
Fig. P5.56. 


12V 



+ 


SOLUTION: 



Voc - v, = 12. 


V oc : 

= i*ok> 

Tx, 

— V>c 



IK 


Voc s 

) + V| 

U 

>° 

F 

• IK j 

1 IK 

IK 

3 v oc + v. 

- O 
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v oc =3V 
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5-57 Find V Q in the network in Fig, P5.57 using Th^venin's theorem. 



# 


Figure PS.57 


Solution: 5 - SI 



R, =. M tc.fl., R a = 1 k- 0 - 
Rv, =- a.VcA- 

X? - -12. =: ~2W mA 

Rl-tRa. 


kVL. : _I x Ra_- loool^ -f V 6C ® 0 


Voc ■= -4*8 V 



T-, — v ' v i - looo X A 

5 O "»A V| — O V 
Jsc.= -jx r- '3 hr, A 


— ~ d ~ B 1*6 k-Q. 



a H-f l t I X I 

Vo =■ ovf 
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5.58 Use Norton's theorem to find V 0 in the network in 
Fig a P5.58. 


2000 / v 



SOLUTION: 



- £ - ■+ 2.1c) Tx 

Jy - = -O-VS'mQ 

8k 
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5.59 Find V 0 in the circuit in Fig. P5.59 using TMvenin’s theorem. 



Solution: S-59 






3-69 V 
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5.60 Find V 0 in Che network in Fig. P5.60 using Norton's 
theorem. 



Figure P5.60 
SOLUTION: 



V,„ _Vx_/J-k) = V3L 

4-oo>o ^ 7 4- 

V|, JW 

4 - 

' 4 t V, = 3 +. 3 . V 
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J 2 s jlmP 

I,. v* 

4-000 

I* I*. * 4 

X a 





V| + = 0 

ik(I 1 -I i c) + 3k(Vic)«0 

ikl| - 4kl ic ..3 
4k 1, =3k(W) 

4k-X, + 3k I*. = 3 
I, = 0-iCr.fi 

I ic , Q'lW 

^Tx * ^£- 

= 3' zs 

o* 77^ 

; 4* 75lc A 
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\j (o-•4-84-ro)(3k.) 

= 1 45V 
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5.61 Find I 0 in the network in Fig. P5.61 using Thdvenin’s theorem. 



Figure P5.61 



KVL£ I," "4+ i |R| tiv, t 

“‘It I0 3 I, -21^)3 X |0 3 + (I, -I*) 3XI0 3 -O 

r, + <? (_*,-*») - ^xio "- 3 

lo x, - -t i z = 4* IO " A _ 0 

KVL £ Xj_: LXa.-XORs't- X^ -f ± X (> H tt-0 

3X10 3 + 3^Xlo 3 + I*x 3X10 - 1 - 6-0 

- 3Xi = -6XI0 -3 _ 0) 

fvto-w\ e^AAii*xwv4 0 o#\d@ u»e jcJt 

X, -o-6| wA , h- -Ha- 

V* =, (1,-1*) Br - (-0-tlt MZ)3 

- I-5XV 

- 2V x +■ = 3-04 - MX - I ^XV 


# 
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2(l'Si) =(X 4 t x|Xlo 3 ) + Ml 
I sc - t <\Z +nf\ 


^tk 



^Tk - ~ M2- - l k/1 

T sc M2. 

Xo “ ^ oC - =. o*St VmA 

Rx + *Tk ' + l 


Xo =■ 0-q& moA 
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5.62 Use Th&venin’s theorem to find the power supplied by the 2-V source in the circuit 
in Fig. P5.62. 


lo 



Figure PS.62 

Solution: 5T- 






^ i. fcr 

fcvtg X, :-Z-t X,R, + iV K -t I,e r *■ 
I) - c> isr »y>A 

kvt e T x : -zv x -f Ijt(R 4 +« 3 ) - O 


Voc =• Xj, R.3 T If 



I V 


O-^ A 
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kVL @ : 

x scUs"h^-t-e H )-x ) ks- 

X sc = 0-2.S- roft 

(L Jk - Voc_ ^ M k.£L 





-- 

Piy - O'^STO YYI LO 
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5.63 Find V 0 in the circuit in Fig. P5.63 using Thevenin’s theorem. 



Figure PS. 63 


Solution: 5-kS 



a- (MX I o' 3 )*., -f V* O 

V oc =. -MV 
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— "t 2 ' =- - 

X Sc = ^X/O 3 ^ X* - -i TY>A 

R-Tv = Vo£_ 

X 4 c 


R.TK, 



- Vjc Ra. 

M e r»v 

Vo - a., oo v 
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5.64 Find V 0 in the network in Fig. P5.64 usingThevemn’s 
theorem. 



SOLUTION: 



V,. 12V 
» - 2V* 

a ^3 _ Voc, 

Il« 

V|- Vg _ . Va ~~ 

lk. liT“ 

—V, -2V^+ 5V 3 -2Vo c ; 0 

a. - 2nn A 
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V3 - Voc _ . 2™ 

— Ik 

V 3 - Vo c - - 2 

V 2 » - 2LV 3 -f 2Voc 

_ 12 - 2 [1 2W3 + 2Vo C J + 5^-ZVoc = 0 

9 V 3 - 6Vo c =U 
V 3= 8v 
Voc- iOv/ 





- IX f 2 G X\/h] " 5Vx= 0 
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v 3 , Jfcv 

3 

2jnn f _.Y.S. ~ IlC 
lk 

« 3-33 rr\ ft 


R 


t r- 


lo - 3k A- 
3> 33m 



V 0 * (-it-\(lo)* 

VlktSk/^ ' 


2> 5V 
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5.65 Find V 0 in the network of Fig. P5.65 using 
Thevemtvs theorem. 

1 kO 1 kft 



SOLUTION: 


1 kjl 1 kfi 



5oo 


I 5 - ~~ 4~m f\ 

V x - Ov 

I 2 ^ OA 

l,+ 1 -o 

1= -1mA 

Vae+ 2k I, + lk I, = l/<I 3+ ikr 
V„<.= - 4-i-l-2 - - 8V 
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— V-x i~ 



i x -- J 2 L. 

5 00 

_To - — 4-m A 

= - ik £ 4 . 

I+I| - v x 

5oo 

1 , -F3 4 - I 3 

X' = I 3 -I 4 

X, - lYvh + 

3(ci, ^ ikx^^ ik(i r i 3 ) t ik(i r i^>0 
4-k X 1 + +kj^ = - f 
I, s OA 
I4. * - Ire A 
* ~ XfO A 

R T H = - 3kiL 

-lrr, 
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5.66 Use Th^venin’s theorem to find I a in the network in Fig. P5.66. 

lkil 



Figure PS.66 

Solution: S-L& 


R« 



— 12. M A 
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“ Xc — O Sk-TL 


Xo — Vqc 
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5.67 Use Thevenin's theorem to find V c in the network 
in Fig. P5.67. 



SOLUTION: 



T, = - 21 * 
T*. - If I3 
If -2rr,fl 
If I + I, 


1= 

4= 

4 - 


li.lt 

1, ) f 

I't ij = I, 

I . 

la’- 
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r= i s - i h 

- lkl*-ikl tiki" 

-Sr - ik J, - llclj. + 3kij - ilclij 
€ = - ikl 1 ' + ik -f Voc 
Voc- 4-86V 




Z ^ J 3 


2 ^-Xy - 2-m 

i- 


x -- Jrh 

J"- x 3 -z, 

4= ik I i 1 k I* 

4= Ik (lx I,) -ik( l f i 3 ) 

_e = -ikl* _ ikl'-t ik I 
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-6 = 'lk-I-lk-1,.-t-3k.Jj-ilc.lt, 
6= -J.VI* + lk.lt, 

&=-ikl s -t 2k 1^ 

It- I*, = 


= 4--fl6 = I' 4-3kii. 

3*^rr> 
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5.68 Find the Thevenin equivalent of the circuit in 
Fig. P5.68 fit the terminals A-B. 



SOLUTION: 






4-V k 

looo 


3= Vi + 



3 = V, -*• 



V, 


1 

5 


V 



V 2 - V, = 3k[dn) 

n/ 2 -- -L + 3t(l«)= J8 = 

« -§!-£. = SS kSL 

-lnr> 
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oovt- no 

\Zr>r = OV. 



# 
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5.69 Find the Thevenin equivalent of the network in 
Fig. P5.69 at the terminals A-B using a 1-mA 
current source. 


2 kft 



SOLUTION: 


2 k ft 



KCI at 2 ’ V »: Va - -u 1 m - Va. 

4k 2k 

V, - 3V^ _ 4- 

KCL at 3: Ws =lmF Vj 
2k lk 


I<Cl at i : - ^i- ^ t V.-Vb 

2ooo 4-k ^k 

\I x ,M 3 

a Vi-m ^ v,-v 3 

(2ooo) 4-lc 2 k 

3V r N/i- ^3 = 0 

V, — 3V2_ — — 
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V a = 4- 

3 

+v 3 = o 

V 3 = -IV 

V 3C-i)= 2- 

V, = - iv 

V, a -it + . lv 

5“ 

V t = i+ i = av 

RtH = _iL_ = 2k -a 

,1m 

AajZcjl, {pMsuL, a/u^ no Jcum cju, 

Voc = 0 V. 
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5.70 Find the Thdvenin equivalent of the network in Fig. P5.70 at the terminals A-B. 

1 k‘J 1 k'i 



Figure P5.70 


Solution: 5*7° 


P-3L R 3 



OnrO^ d<^>trd Acux'tct => V Dc — 0 V 

1 W_n_ ^ z k jl 



R 3 



* RMIICC3+W 

Rq ( ) 

Rq + R-3' 1 ' 

V\ Rq 

■R Ttv - ^.kiT. 
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IhA* 




ik.xL 



(/•'V- ov) 


# 


% 
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5.71 Find the Thdvenin equivalent of the network in Fig. P5.71 at the terminals A-B. 



Voc. - OV 


N tsir\od*. 



v «-v t 

Xx 


2.000 £„ 

0 

V, 


*3 



fvtonrw (3) OJ^d Q) } we. 

V( — 3Vt 

Kcu SAxhotnoodc : Vt_ + ^ -t- Vt - 1, =.0 

«* ^ 

Vt - 0-5 o kil 

^ Rn. ” 0-50 kiL 

It ^ 
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5.72 Find the Thevenin equivalent of the network below at the 
terminals A-B in Fig. P5.72. 


1 k ft A 





--t 

24< \ 

> 3 


> 1 kfi 1 kO <: 

4 1 


Figure P5.72 


SOLUTION: 



kCL odt 2: 

lk ±k 


-V, i 

KCLati: ^r^L. =JL + 2I X 

ik. \k lk 



"H - 





5V,- \4_ = 0 
\/, s O-iiiV 

0-5 56V 




Tk, * 


0‘ 55^ 

im 


= 55G-H- 
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siuZu, jthw OLAJL, rvo AnckptnclcrJr /jcxmam, 
N/oc- OV. 
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5.73 Find the Thevenin equivalent circuit of the network in 
Fig. P5.73 at terminals A-5. 

2000 I x 



SOLUTION: 



KCL OJC Jthi- luftxruxl*.-. 

im* V, ' V, 

V 3 V 



v/ a - v/, = aooo i x 

W 2.000^) 

2.V, 


V lS 3V 

_2_ = 3kn_ 
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- 54 k li. 



Jlkut 


-tn otu> tr\ dbunj? 

ioc. = 0 V. J 


gauAs(uu ) 
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5.74 Find 4 in the network in Fig, P5.74 using source 
transformation. 

6 kft 6 kO 



# 


SOLUTION: 


imfl 


6 kn 
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— 0* 4-m A 
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5.75 Use source transformation to find V 0 in the network in Fig. P5.75. 



Figure FS.7S 


Solution: S’lS" 


6mnA ^ ^ 


AV 


lo k-A- 

|VWL 


4 kru 


4 v 0 


r 


mul 

—AAAA- 


t^V 

- 0 - 


2M V 


MkA 


+ 

i i 

y 0 I 

flok-fl. ft 


Mk-O. 


36 V 


«-aam . -. 

1+ , 


j> ** 

l* s 

loltix Q 


^ wA 



^11 H Did » 1*6T k_a 


"IS/mA ft] 


■t 

V«i 


I Vo- U-oV 
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5.76 Find /„ in the network in Fig. P5.76 using source transformation. 





3kft 


Figure PS.76 


Solution: 5 -16 



R,* tkil, R^qlcil, 

Rj- 18 kJl, Rh - 



Rp- = likil 

r mHRa - liR-ft. 
* 1 

*c= + 3£L£fL 

1 


v 

—] 

i&t 


5-t>W R d ~ II - 6-H k/L 



tv 
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6^ + i" 53*81 


I 6 - - 2.-13 mA 
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5.77 Find V 0 in the network In Fig. P5.77 using source 
transformation. 


-vW- 

6 kft | 2 k.il 


ev 


© 


112 V 


Figure P5.77 


+ 


4kfl V 0 


SOLUTION: 



R a €kf|3lc 



4- 
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-2k 


2k+2kr 4-k. 



- O'15mA 


V, . +k(-6’1Sm) 

z - 3V 
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5.78 Use source transformation to find I 0 in the network in Fig. P5.78. 



Figure P5.78 


Solution: S-1& 


K-i 


Rs_ 

^fmA 


tv 

-Qh 






Ri-Ris - L I^ SL 

r f) 6 V 


# 



Btn. 
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)•£ 


1 16 ** A 



* = •« * '° a [$&] 


Xq - — 0*70 OmA 
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5.79 Find V 0 in the network in Fig. P5.79 using source 
transformation. 


+ v 0 - 



6 V 


SOLUTION: 


Vo 


Vo - 



! • 5mA 


6k||i2k = 4k.fi. 

R"- 12k ||4lt = 

+ Vo - 

- -VA/V-—VWV/-—AAA/- 

4k Ji. ZkSL Csksi- 

*r 

gv(f) (T)4 sv 
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+ Vo - 




sic_\ 

3ti-3U4kJ 



= - i- 05V 
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5.80 Find V 0 in the network in Fig. P5.80 using source 
transformation. 


+ Vo - 



SOLUTION: 


2 mA 





6k |l 12k . 4-k-a. 
lilt 11+k. 5ka 


Wo- 
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5.81 Find I Q in the network in Fig. P5.81 using source transformation. 


4 mA 



Figure P5.81 


Solution: 5-61 



Zk-O-, = 

lokA, =.C| k-0. 


# 




% = Rft- l| = 3 53 k.£L 
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8mA 




It. fc V 



X 0 - - [2. 

£© T R-v 

x 0 s- 1-qq ^ £ 

X c =- x oo rnf\ 
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5.82 Find 4 in the circuit in Fig. P5.82 using source 
transformation. 



# 


SOLUTION: 

Rs ( 4-k-t-Sk) II 4-k — 3k sl 





R\ 3k+3k=6kiL 



61 CJL 
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5.83 Find I 0 in the circuit in Fig. P5.83 using source transformation. 



Figure P5.83 


Solution: Jj-Bi 


fi, 





*1 


Ri ~ R 2 — 

R4 = i1cA. 
- 2-k-O- 


R fi - R, + R-i. - M k-O. R b - t R-, = 3M*- 



Rc. — 11 ss i k Xi- 





Rj) — Rc_ t R(| - 3 kiL 
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5.84 Find / c in the network in Fig. P5.84 using source 
transformation. 

6 V 



SOLUTION: 



R'= 3k 11 6k. zka. 
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5.85 Find I 0 in the network in Fig. P5.85 using source 
transformation* 

6 rnA 



SOLUTION: 




°)k|| 16k ^ 
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5.86 Use source transformation to find I 0 in the network 
in Fig. P5.86. 


6 kfi 3 kQ 



6kft 


SOLUTION: 



<s> 


R'-. 6klink. . 4-kSi. 
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S-C-a&srJC-"*") 

- — O'5m 


Chapter 5: Additional Techniques for Circuit Analysis 


& 


191 




Problem 5.86 


Ch05.indd 191 


12/22/08 4:47:17 PM 















Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 192 


5.87 Use source transformation to find V 0 in the network in Fig. P5.87. 



Solution: SB! 



Ri-lk-ft, 
R^R M = R ff - 





lx V 


t 

Vo 


l|R, ^ }±_ k-n. - 0 8WJL 

5 


L rn A 
M 


WW\— 


*3 


© 






-^WNA 


\2S 


+ 

Vo 
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v D - ta-i x ft* _ 


V D ^ 3-86 V 


# 


% 
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5.88 Using source transformation, find I 0 in the circuit in 
Fig. P5.88. 



SOLUTION: 


# 



% 
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5.89 Find I 0 in the network in Fig. P5.89 using source transformation. 



Solution: £■ 8ft 


IN 



^•‘A.Cujd: 


Ra^lkO-, R m ;l lk-0-, 

= <rV/L 




Rfl — t tj- — 4lt -TL 
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Xq =. 39 >10 
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5.90 Using source transformation, find I 0 in the 
network in Fig. P5.90. 



SOLUTION: 
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5.91 Use source transformation to find 1 0 in the circuit in Fig. P5.91. 



)4 mA 


Solution: S*9l 


# 
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•2.0 mA 



R* 





X D - 2.0 

' 2-0 
I ■+ a.fi 
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5.92 Find I a in the network in the Fig. P5.92 using source transformation. 



Solution: 2. 

R, & UkSi-, = 
Rj=.R M a6ls.fl., 




Rr 


*4 

Xo 



Ra - Rt*ll Kr 

= 2M_ =. 2- M k-0_ 
10 

- 6 = 8k-a 
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ini A 

4 





R.O - R, It - w II8 = 2.-67 kJL 



# 




R d = M 

^ . ZH 

ta- ^ io 

- 5 0 7 t-a 




^ 1 

;R ° j 

T =- * 

-*--0 

■118 X 1 

5 -o~7 - 

[x 0 =■ 3mA 


U 

*0 

-3 
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5.93 Find I 0 in the network in Fig. P5.93 using source transformation. 



Figure P5.93 

Solution: 5"-92> 



R 3 - Rvj - | lc-0- 
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tfkSl, Rjrik.fL 
R l II *2.11*3 
= I k_Q_ 



# 


% 
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5.94 Find Ri in the network in Fig. P5.94 in order to achieve 
maximum power transfer. 


1- W -1 

f— «W -1 


2 kO 

2 kO 


( + )l2 V 

>2 kft 

>2 kft 

n 




Figure P5.94 


SOLUTION: 



r-—-1 


2kii 

V- 2kil 


u J 

R* 2 k A. i 
* j 

E : 

I <- 


Km l2k 


# 




f&t masdrYiLun poweA- 




R ls Rth = 42 k si 
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5.95 In the network in Fig. P5.95 find R L for maximum 

power transfer and the maximum power transferred to 
this load. 


- /vV 1 - 

- vW - f - 0 

1 kfi 

2 m 

> 2 kQ Q 

^ 4 mA < 4 k fi 


Rl 


Figure P5.95 


SOLUTION: 




l?TH ^ (2k+ik + 2l<) || 4-k* 2 2 zk-CL 
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a 5> 33V 
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2-lllcSl 


I a 5--33 _ 

-?>22k t 2‘22k 
r= i- 2m/A 

J a £ L s (2.21k) 

- 3 * 2 m H 
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5.96 Find Rl for maximum power transfer and the maximum power that can be 
transferred to the load in Fig. P5.96. 


1 mA 



Figure P5.96 


R, =. R.^ Ik ft-, 

Ik .ft. 


Solution: 5-96 


I mA 






(.R. II RO + R S 


Rrw = ikA 



(4>0JJL^LC€- 
T^tarv6^0Ji maJL bvO 


v . - tz. _ - 6 V , - I •+■ V| 

R,-rR t 


V ot - IV 
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Fort. 


■YYYXX LVAUTA R>l001 T>UXVU1^H Vq~ Vqc 

- Rih. 


e, =. - YsiL 

r l ** R Tk. 
P L 6-13-ynW 


# 
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5.97 Find R L for maximum power transfer and the maximum 
power that can be transferred to the load in the circuit in 
Fig. P5.97. 



SOLUTION: 


i 



kci out i*. I, e 1+ Ii. 

I- I- Iz 

I, = ~irr>A 

kCL at 2: I + 2m =. 1 

X = 3 mA 

^VL OXo ~H\t, Louies Loop ; 

lklj +■ Vo c -f O' Sk^SrA^ 

V 0c5 5 5V 
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v B , 


1- 5k 


1 - 51c rj.Sk 
=, S.'tS'V 


(**) 


fU 


t: 


hJir 


i.stc 


- S. 04nr>/^ 
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5.98 Find R L for maximum power transfer and the 
maximum power that can he transferred to tire 
load in the network in Fig. P5.98. 



SOLUTION: 



1= 8m- Ij_ 

kc L at 2 : » T 

2^ * ~ 2ro A 

2*2 = " — 4m - — 6m/| 

X, = §rr)A 

kVL: 2kl, i .+kl 

= 2kX z + 4kl 3+ Vo c 

2k(8nn) + 4k(' ?m_ 2k(XSrr,^4k^-2n,J + \j^ 

'lei 
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R Th a 2k-t + l2kiL 



ff)Qx\rr\uurn 


^l. - 


JtKOuycU*. 

IZkSL 



4* 

Vo 


^v 

\ I2k+/2k / l 7 

P ^ V* - (4^ = ll6-S3mM 
Kl i2k 
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5.99 Find R L for maximum power transfer and the maximum 
power that can be transferred to the load in the circuit 
in Fig. P5.99. 



SOLUTION: 





\<CL i*. = lrv)-t-l 3 

L, » " -^ rr * 

Vo C = 2k I3 - i*5nrv 

Vo CS 2kl 3 -i* 5 

Kc L aJt 2: o* 5 no -t I, 

+ I a = O' 5m 
kVL GJuOuy~eL Oulu, Lo&p 

3 = vSk. I t + lkl z + 2k T 3 
3= 3k X| SrrvJ 

Xj -v 3kl 2 s 6 
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"I i + 

J t - O- 

- 1'2. S'mft 

J - 0•- i™ = -0*25Vn A 

, - av 



F&v hnct>( | l ’mwnri pocot-V 


r 
e 


Th 


I > 

= 2 - 33kD_ 
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r- W\A/- 1 

tg - 2V (jp ^ 2- 3 3 k. A 4 V 0 



—:\(- 2 )= 

2.33 k + 2 33k/ 1 J 



Vo 2 - , (-D x = O' 
23ik 
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5.100 Choose R L in Fig. P5.100 for maximum power transfer. 

5 mi 5kn 



Figure P5.100 


# 


Solution: 5* loo 



V, ^ 2W V 


Ri =• S'lcX2_ 




KCL £> V ec : Vqo - V, _ loo I = 


O 


=> X - loo X =. o 
=> x=.o 


=. O •=■> V oc , - V, =^1^ v 


*P X 



X X 24 = 2-4 mA 

| ox It? 
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I ic = 2.M2--M tnA 


R Tk " Voc & ^ Sl - 


Fcxn OnnOv.X ilrvuxm CLW<ij-U1 , 


r_- 94 _n_ 

L 
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5.101 Find R l for maximum power transfer and the 

maximum power that can be transferred to the load 
in Fig. P5.101. 



SOLUTION: 


1 mA 



kCL o± V*, : im = 

lk + 2k 

3V X — \4>c. = 2 


KCL odb>loc'- Voc_ ^ ,4V* 

2k iooo 

7V X + V oc . O 

V x - O' 2 V 
Voc » -i'4-V 
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# 


kCL OJt N/ x *. lm s V*_ V x - V 0 

IT 

3V X -VU 2 

KCL cut Vx-Vo - 4-V* , Vo 

2k looo 3k 

2.1 n/*. -r 5V 0 » 0 

V*. . 0.216V 

Vo = -j. is7V 

J., - V. = - L'ii , -O' 36%,* 

IT 3t 

^Th -- r *' t- = 3'Sfc-O- 

— 0 * 33^ nn 



mctxinnurr* frovoO* 

*l- e T U 


3‘Gk si . 
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I L = -1-4- ._ 

3 • 6 k. + 3*6 k 

- — O' d°\ 4-no A 

P L = I* (- o ■i‘u) 2 '( 3 - 6k )= 


<s> 


Chapter 5: Additional Techniques for Circuit Analysis 


Ch05.indd 223 


& 


223 




Problem 5.101 


12/22/08 4:47:33 PM 





Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


5 , 10 a. Find the value nl ft L inilu network in hg. PS.102 lor 
raaltimum. pMW NXin*t'rr. 



Figure P5.102 




So - 5 . 1 & 2- 

7AV- .A__ 


k- - -■Wvtii- 

. i 

< 

5^ ! 


- 


^H-O. 




1 = -4A , 

-1 a - Vet" 

V oc = i- 4V 

0-SV*,= £1 ^ HI 

X =. 0^ 

V,L i= oV 

Xit = I 

* Tk - v&t_ = xi, = i-n- 


-WViA_ ■ f v«.V- 

2.4- 


Voc© 


<- 


^ = *11.+4. 9J1 
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5.103 Find value of Rl for maximum power transfer and 
the maximum power that can be transferred to R L in the 
circuit of Fig. P5.103. 

12 n 4n 



SOLUTION: 


# 


12 it 4 1! 





V x . (—£ - )(3d) = 6V 

J= 30 = l-S'A 

I2--1-& 


kVl atounoL lo&p: 

30 -f 4V* = 121 tV c 
Voc - V 



-h 

V* 
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Xc - -VX. 

^ 2 - 

)< VL (XhovLnDL^b 

- 121 , 

12 I, =s 30 

KV L OJcjO ur\oL to l 

SO - iZI, .+ 81,. 

I,. 

^ = .A<?„ = 14' 4 Si 

z> s' 



MA r 


- 14*4 


XL 


- 36V (V) 


e u =i4--fji| v l 


M- 


4-. f 


(4- 4-+ 14 -4- 

p L » vi = (i>)' 
Pu ivw 


= 13 V 


_ 2 2 'S'kl 
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5.104 Find the maximum power that can be transferred to R L 
In the network of Fig. P5.104. 


+ _ 



SOLUTION: 


+ Vo “ 



Vtf= loooX 

O-fVfl + i2 = 5ool+ SooX+n/o 

Ic 8rr.fi 

Voc + 12 = ioool 
= - XV 


X ^0 " 





Chapter 5: Additional Techniques for Circuit Analysis 


Problem 5.104 




Ch05.indd 227 


12/22/08 4:47:34 PM 



































Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


-5c 3 
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5.105 Fi nd the value of R L for maximum power transfer in 
the cii'ciiit in Fig. P5.105. 


V* - 

-V/v- 

2 a 


4K,<+> (j> A 


4 n 
■Wr 


AMr 


R, 


Figure P5.105 


SOLUTION: 


+ Vx - 



V x = - 4-V 

Voc. 4.y x - V x +' 

v»t» 4<-f) •+ + -+4-0) 

V Jc , -4-V 


+ N/jc- 
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5.106 In. the network of Fig. P5.106. find the value of Ri for 
maximum power transfer. In addition, calculate the 
power dissipated in J? L under these conditions. 



SOLUTION: 


# 


1000 /. 





1<CL I0rv,= I ) t 

loooI\- iokij- lokXj.t 5I< 1,50 
looo (M)m- tA - 20 f-Slcl, - D 
io~ Z\ OODl^ t5D-5oooX^'0 

Ij_ =. • 3mA 

I| - 7 - Yrv^A 

Voc. = 
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ioool, 



i Oca = J ,+ I 3 
l0lcl 3 - 5kl, * 0 
J| ~ 6* p\ 

1^ s 3« 33 nr, A 

Ioool, - - dok I x 

4- 5-Ji. 

3v3 ,r '0 ** 0*^5- rn — P * G 6 *?* Oo /} 
6 _ SllkA. 
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5.107 Calculate the maximum power that can be transferred 
to R l in the circuit in Fig. P5.107. 



SOLUTION: 



v, t 


r'= 1,-1^ 

loo = 4-X + +1, +20 

81 , - +4 = Bo 
4 V*. = ' 

V*. VI, 

-201, + i2J, = o 
I, = 60A 
J A r loo A 

Vo t * 2o + 41,+4-I x 
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Vot = 660 V 


4-V*. 



I 3 = it 
I'. I,-Zx 
I• 1,'h 

fl = 4 ( 1 ,-I 3 ) 

i 00 + 4Vx = 4-l x 
±61, - 4J a - I 6 I 3 =-±00 
yoo = 41 *-t 411 2.0 

8 j. - + 1 ,- 4 Z}*< 5 <> 

| OOJ 4jr' + 4l" 

J= i'lx 
81 


4 i- 




ifcO 


X ; - 6 t>A 


Ij.= *5 A 

I 3 r 5S-A 

ic= *** 

|?r M 4 = i2-2. 

* 55 " 


Chapter 5: Additional Techniques for Circuit Analysis 


& 


235 


Problem 5.107 


Ch05.indd 235 


12/22/08 4:47:35 PM 












Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 



- 12 £l> 4&k- rr\cnurr, 6otZnS # 



k- 


G& 0 




/2- + Z2. 

£t = 


- 2.9-S’# 

(»■ T)Xu) 


IblSH 


Chapter 5: Additional Techniques for Circuit Analysis 




236 


Problem 5.107 


Ch05.indd 236 


12/22/08 4:47:35 PM 










# 


& 


Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


5.108 Find Ri for maximum power transfer and the maximum power that can be 
transferred in the network in Fig. P5.108. 


2hi 



Figure P5.108 


Solution: 5-108 



v* 


R| - Rl, - ^ H k.n_ J fi.3 - 6 kjx. 



^ o 


fooo G^+R.3 

X. 


CD 


AUo v x 1 - v, 


. Vi_ 

R-I+Rlj 2 “ 


V x * =. V(_ jlh ^c^aoJUerv (7) 


V, = ” 15 - 2 , V »> V x ' = - 6 -£ 7 V 


237 




Chapter 5: Additional Techniques for Circuit Analysis 


Problem 5.108 




Ch05.indd 237 


12/22/08 4:47:35 PM 








































Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


Vi- V, _Ea_ - -* v 

Voc -- V*-V .-l-WV - ® 


<s> 


p-l 



s*-*. * y 

looo 

Pv -f 2- * I cf* 

| OOO 

KVL @ '• X M + Rv ») “ 

x 4 - ~*>rnh 

KVL £ X 3 : X 5 (R,tRz) 'liRi = 


O 


O 


13 — -2 L1 ro A 

X So - ^ 

^TK - VW— => 

*^ 4 C 


^ - O' £33 m 

R Tk «■ 4 - 00 W/L 



Chapter 5: Additional Techniques for Circuit Analysis 


Ch05.indd 238 




238 


# 


Problem 5.108 


12/22/08 4:47:35 PM 























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 


Irwin, Basic Engineering Circuit Analysis, 9/E 


239 


5.109 A cell phone antenna picks up a call. If the antenna and 
cell phone are modeled as shown in Fig. P5.109, 

(a) Find R^ n for maximum output power. 

(b) Determine the value of 

(c) Determine the corresponding value of /jnt' 

(d) Fmdl SjV m . 

(e) Determine the amount of power lost in R^. 

(f) Calculate the efficiency r\ — ^oul/PaaL 

(g) Determine the value of such that the efficiency 
is 90%. 

(h) Given the change in (g), what is the new value of jP^? 

(i) Given the change in (g), what is the new value of jP out ? 

(j) Comment on the results obtained in (i) and (b). 


^ant - 50 



# 


Figure P5.109 




SOLUTION: 



^ ^CtLt ~ ^CLnt = 50 - 0 - 




fcctLL 


C) Pout - 2P out . = O'inoU) 
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5.110 Some young engineers at the local electrical utility are 
debating ways to lower operating costs. They know that 
if they can reduce losses, they can lower operating 
costs. The question is whether they should design for 
maximum power transfer or maximum efficiency, 
where efficiency is defined as the ratio of customer 
power to power generated. Use the model in 
Fig. P5.110 to analyze this issue and justify your 
conclusions. Assume that both the generated voltage 
and the customer load are constant. 


/ 


^gen 

^del 

Power 

to 

customer 


Figure P5.110 


SOLUTION: 

® © v L 




K oad, - I = ( ^ 

- y^ I 

* 7 ) =. - (^tr\ ~~ XRoitl^ I 

P 3 Cn VyenI 

nrj _ V^eol- I^UcL 

1 - l-k&L 

sOjhiAL Ic - [ 
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5.111 Using PSPICE, find / 0 in the network in 
Fig. P5.111. 

6 6 kft 



SOLUTION: 
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5.112 Find V a in the network in Fig. P5.112 using PSPICE. 


14kn 

ki> V„ 024 V 


FlgunP5.112 



Solution: 5-112. 


6V UMBHI 
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5.113 Using PSPICE, find I 0 in the circuit in 
Fig. P5.113. 



SOLUTION: 


<s> 



■O 

Vs2 


6k 

A/W~ 

R3 




Is 




I DC 
1mA 


4k 

-AA/V- 

R5 


1.556mA 


R6 
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5.114 Find V a in the network in Fig. P5.114 using PSPICE. 



Figure PS.114 

Solution: 5"* 11H 


# 
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5 FE -1 Determine the maximum power than can he delivered 
to the load if, in the network in Fig. 5PFE-1. 

a. 2 mW 

b. 10 mW 

c. 4 mW 

d. 8 mW 


1 hit 1 kit 1 kit 



Figure 5PFE-1 


SOLUTION: 


/' 



The correct answer is d. 
Use superposition. 

R, 


\R\ +R 2 +R 3 


(Am) 


r= 


Ik 


\k + Ik + 2k j 
V; >c = I'R 3 = (lm)(2k) 
Vi = 2V 


(Am) = 1 mA 
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f 


v„ = 


2k 


\ 


\\k + \k + 2k j 
V'i = 6V 


( 12 ) 



V oc =V oc +V oc =2 + 6 = 8V 



RTH ~ [(^1 + -^2 )| |^3 ] + ^4 

= 2k(2k) +{k = 2kQ 
™ 2k + 2k 
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R l = R th for maximum power. 


Pr = 


V TH 


V J 


R 


TH 


Vz 


4 R 


TH 


4(2 k) 


■ 8 mW 
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5 FE -2 Hnd the value of the load R s in the network in 

Fig. 5PFE-2 that will achieve maximum power transfer, 
and determine that value of the maximum power. 

a. 22.5 mW 

b. 80.4 mW 

c. 64.3 mW 

d. 121.5 mW 


+ Kr 



# 


SOLUTION: 


+ K- 



% 


The correct answer is c. 


12 = 2 kl +1 kl + 2V X 
V x =H2k) 

\2 = 2kl + \kl + 2{2kl) 

T 12 , 

I = — mA 

1 

12 = 2 H + F 


12 = 2 k 


12 


\ 

— m 

V 7 J 

V. .= 8.57F 


+ F 
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+ V - 



2V X 


1 kl 2 +2V X =0 
1 kl 2 + 2(2kl ] ) = 0 
I 2 = -24 mA 
h=h+Isc 

I sc = (-24 m) = 30 mA 


R th = fk = ^Z = 2 85.7Q 
I sc 30m 

R l = R th for maximum power. 
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SFE-3 Find the value of R, in the network in Fig. 5PFE-3 for 
maximum power transfer to this load. 


a. 12.92 0 

b. 8.22 O 

c. 6.78 O 

d. 10.530 



SOLUTION: 


K 



% 


The correct answer is a. 

I = h+ 24 


' = 34 

12 = 3/ x +127 


12 = 3/ x +12(34) 

4 = — A 
13 

V oc = 12/ = 12(3/ x ) = 12(3) 


f A \ 


vl3y 


1.08F 
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# 


i x 



I sc =I x +I 2 +2I x =3I x +I 2 
I 2 =0 A 
4=34 
12 = 3 /, 

4=4 A 

I sc = 3(4) = 12 A 


R 


TH 



11.08 

12 


0.92Q 


11.08F 



R l = 0.92 + 12 = 12.92Q 

R l = 12.92Q for maximum power transfer. 
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5 FE -4 What is the current / in Fig. 5PFE-4? 

a. 8 A 

b. -4 A 

c. 0 A 

d. 4 A 



SOLUTION: 


# 


m 



% 


Use superposition. 

f 2 ^ 


/ = 


V 2 + 3y 


(-10) = -A A 
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/ = /'+/" 


I = -4 + 4 
I = 0A 


# 


% 
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5 fe-5 What is the open circuit voltage V m . at terminals a and b of the circuit in Fig. 5PFE-52 

a. 8 V 

b. 12 V 

c. 4 V 
d 10 V 


a 



Figure 5 PFE -5 


SOLUTION: 


Use superposition. 


a 


# 


r^WV-1 


—m - • 

4Q 


3Q 

\ 

' /’ 


2Q < 

> 12,4 Q 

D 


% 


b 


The correct answer is b. 


/' = 


4 1 

U + 4, 


(12) = 8 A 


V oc = / (2) = 8(2) = 16F 
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12V 


a 



b 


(—) 

V 2 + 4y 


(-12) = -4F 


F 0C =16-4 = 12F 


# 
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6.1 A 12-|jlF capacitor has an accumulated charge of 480 jjlC. 
Determine the voltage across the capacitor. 


SOLUTION: 


c - ja 

V 

N/= 

c 

v— klQJd 

I i M 

V- L/OV 

% 
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6.2 A capacitor has an accumulated charge of 600 \lC with 5 
V across it. What is the value of capacitance? 


SOLUTION: 


C ~ & 

V 

C - 600 M 

S 

C “ /1QJLL F 


# 
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6.3 A 25-|jlF capacitor initially charged to —10 V is charged 
by a constant current of 2.5 fiA. Find the voltage across 
the capacitor after 2^ min. 


SOLUTION: 


VO) = _L 


ir 


C 


0 


jl(±)oUL -f V(o) 
150 


VO) = -I— \ 2 5 pi djt - IO 


25 ju 


0 


Vfi) = 


2'5U C' 5 o] '10 

25 M 


# 


vft) - sv 
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6.4A capacitor is charged by a constant current of 2 inA and 
results in a voltage increase of 12 V in a lO^s interval. 
What is the value of the capacitance? 


SOLUTION: 


# 


v(ii) - VC jti) 




it*) out 


V(ii) “VC A) 





11 ~ T C <Q) 

c 


c = 2-Xfo~ S f (q) 

11 


% 


C - I 'G1 tuF 
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6.5 The current in a 1QQ-p.F capacitor is shown in Fig. P6.5. 
Determine the waveform for the voltage across the capaci¬ 
tor if it is initially uncharged. 


i(r) (mA) , 

^ fi 





1 u 





0 

1 ; 

2 

f (ms) 


Figure P6.5 


SOLUTION: 


# 


Jt, — Xms 


V=_L J idut f V 0 


k <0 , JL =o ; and v^o 


0^ Jt 

< * ; 

JL - fOmA , CtrdL 




v= 

. / 

f 10 m cLL 


lOOjU 

J 

0 



2 vm 

V = 

iprrL 

£ t] - 100 i V 


loou 

D 


Jt ^ Jt, 

V' _L | OrJJt -f / OO (2 m) 


V— 0'2-V 
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v(t) = f Ov j t < o 
- 

loot V , 0$ Jt < 

[ 0-2 V ,P/t, 


<s> 
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6.6 The voltage across a 50-p.F capacitor is shown in 
Fig. P6.6. Determine the current waveform. 



SOLUTION: 


# 


= C.dZL 
ctt 

04 t 4 

lit) = 50 M- C5000J 

■Mi) = 250 mA 

40 h 2 ms ^ tr ^ 


J.(I) = OA 


Livns> 4 ± 4 STws 

JL(t) - 5opL C~ 5&0O] 

lit) - - L 50 tt)A 

Sms, 4 *4 10 ms 

it*) 
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loTns ^ ^ izmS 

i[t) = 50jU C5t>0cQ 

Lit)- 25 om^ 

4o>i LlX) = 25amb 

40 *. t 7 urns 


Lit) - oA 


r 


at) = iso 

( ir\ mA) I ^ 


J ~2 5b 

O 

750 

o 


0 <■ £ ^ 2ms 

2 ms SH L ' TnS 
Limi 6 Jt 4 S’rns 
£yy-)S ^ jt ^ I O rn $ 


t T' / 2 .mS 
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6.7 Draw the waveform for the current in a 12 -|jlF capacitor 
when the capacitor voltage is as described in Fig, P6.7. 



SOLUTION: 


JLW = cdV_ 

at 

o ^ ^ 

i[t) “ I2jll Zz*\0<3 
i(i)= 

Q US ^ — 10 

J(t) = I2W.C-5 x/o 6 ] 

at) = -6o A 

joj, /o^us ^ / 6 

Hi) - ll/j-Cl-3?Xla ( J 

/£ Jt) - 

7 IS US 
J :'(<) = 0 
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JL (*) 


[ 2W/\ 

0 ^ ^ 6 JUS 

| -6oA 

£ juS ^ jb ^ /O M S 

16 A 

/OUS ^ ^ 

[ OA 

£ > /6US 


at) vs-t 


# 
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# 


6.8 The voltage across a 25 -|jlF capacitor is shown in 
Fie. P6.8. Determine the current waveform. 



SOLUTION: 


- 0'lrr)<L 
± 2 - 

jt 3 - 

l7T>S 

Jf- 5 - l'27ns 


/. - C 


dy 

ott 


jt^-0 > v-0 ; Cxnck Jl- O 

Oii< Jr, , V= ( 0 5 JtV 
a = z5u.Oo 5 ] - 2'5a 
Jr, & J < J V- ZOV J i=0 

) V= 6o-/o 5 J-V 
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jL= 25jll[tIo 5 ] ~ ~2'S A 


; V- G j L- 0 



/2oX (o' 3 ^ 

i= 25 u Do 5 ] - 

2 5 A 


Co 

Jr< 0 


I'S 

0 & J- < o-irns 


0 

O'lms £ £ < O'H TnS 


-2/5 

O MmC ^ < o'-*nr>s 


0 

O SmS. ^ j(_ < /rms 


2-5 

Jmn-s ^ < /-2mS 


0 

jt 7 X 1 , 21 ms 
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6.9 The voltage across a 1-F capacitor is given by the waveform in the Fig. P6.9. Find the 
waveform for the current in the capacitor. 



Figure PS. 9 


Solution: 6-9 


jL - 

c dv_ -t, 

1-20 s t t z =- 3 oS, ts- 5 o«S 


djt 


■t<o. 

if 

c> 

d-v —O , i = O 


dbt ’ 


P ^ t <-fc, Ai: t^ZOS j &.V- dfc^ 2.0 S 

fi v = I 2 _ - 0-6 V/s , L- 0 6 A 

d-t 

11 4 t < tj Air "t- y dv - HZ-12.3-ZM V / dt- So-iO^loS 

dv =. - -2-4 V/s . C — - 2 -<-t A 

<£t IO 
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t z ^ t ^ ts At dv- - I2-V / dt = 2.0s 



dv - -Jx 
c£t 245 

- 0-6. V/4 / 0 

■fc > t < 

< 

O 

fc. 

- O , i=- o 

at) ^ / 

r o A 

•fc < O 


1 OtA 

O ^ t < 2-OS 

< 

[ - 2. 4 A 

los £ t < 3o£ 

j 

0-6A 

SOS ^ t < 505 


0 A 

t- 5 OS 




CUHAOvt 10O.V <^oX.»W 


# 
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6.10 The Voltage across a 1-pF capacitor is given by the waveform in the Fig. P6.10. 
Compute the current waveform. 


Figure 



Solution: 6-10 


fc. =. innS . 13 — jl- C Av 

' At 


t<0 , v ;0) Av_ ^o ) O 
At 


O 4 t < t, Ay. - -J 2 - - - 6 V/yas , X - - 6 

; At 2- 




t,4 ti, dv^o , i= o ™ a 

' ; At 


Jta_ ^ t < tj. Av — l 2 - — A v/roS i - vm A 
At 3 


^ Ay. -o ^ x'^o 


lit)- f t< 0 'rrtS 

~ £ mn A o ws ^ t < 2 
O vvi A 


lYni ^ t < 3 vy\6 


A rvi A 4 t -C 


0 m A 


t 6 mo S 
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6.11 Draw the waveform for the current in a 24-jjlF capacitor 
when the capacitor voltage is as described in Fig. P6.ll. 



SOLUTION: 


±<o j v~0 , S~° 


0 <: Jt 


1 = C 


v 

dV 

cXjc 


J- (l^u ) / (° 5 3 
a- 2'^ 


Ctui < * < 'OOJUJ , V= II- 2-5 X10^\/ 

a - u ) C-2 sxio 5 ) 

a- 

/OOjU X ^ ^ ^OuS ; V r ~.3 2 (P 6 - 

3 15 

c ~i 

IQ 

IS 

-*d 

Jl ~ 16 A 
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Jt >s 

J(i) - 


HO/jS 

r 


0 




I 

0 


V- O , jl = 0 
i<0 

O ^ j; < £ 

6°jU^ £ £ ^ /OG^S 
loojj S ^ Jt < l^oJJS 
Jt >/ I&QJljlS 
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6.12 The voltage across a 10 -jjlF capacitor is given by the 
waveform in Fig. P6.12. Plot the waveform for the 
capacitor current. 



SOLUTION: 


X ^ 

CLt 

\j(X) — 12 ) ~T~ (Oms, 

^ 2 . TL - 2JL # 

T I (Dm 

UJ= 20071 7*d/s 

jt(i) = (\oM) i\l)iio)Coltoi 

Xii) - 7^*4 Coio^t A 
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6.13 The waveform for the current in a 26-jaF capacitor is shown in the Fig. P6.13. 
Determine the waveform for the capacitor voltage. 



Solution: 4 • 13 

- HowiS V- 1.J acft + V 0 

t< 0 / -O , V=- 0 


o ^ t < tf t LCt) - 13 

Mo 

# JLlt) 



± v.= 4zro fc* 

62-CO £i|0Xl0’ 3 J -t- o - io V 
t < oms 
o <; t <: 4o rrts 
t ^"4o 


V 
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d.14 The waveform for the current in a 50-pF initially uncharged capacitor is shown in 
the Fig. P6.14. Determine the waveform for the capacitor’s voltage. 



# 

Solution: €-1M 

v(0 = JicLt 

Pan t < o j V £t) —o 
Foa < lo tmS 

-3 \ 

v( t) ~ i f (fox io ) dt 

50X10*^ J 

- I if 001 V 
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# 


Fcxn lo 4 t < 2.0vn^ 


t 



= + J—io 3 )t - j- C-7 ox,B 3 ;xioxi6 3 

5 oxio 5 oxio _i 

= i8 - iMoot V 

^o-H 204 fc < 3 d Yns 

v (t) - 28+ moot ~r& 

- t moot v 

Fo-n 3o 4 t < Ho yy>S 
V^-b)= -2? +M2 + H 2 . -IMOo-t V 


=- rt - moo fc v 

FojI Ho < S'ovn^ 

VC-t)- STi - 54 -54 +IMoot 
- -56 + !Moo-t V 

fivt t >50 
v (.t) =. o v 


v(t) =■ 



t< o 

O 4 fc < lovns 
to 4-fc <20 wi£ 
lo 4 -fc < 30 
3o 4 t < Mo Uns 
Ho <-fc < ro w 
fc > So w\«S 
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6.15 The waveform for the ament flowing through the 10 -jlF capacitor in Fig. P6.15a is shown in Fig. P6.15b. If 
v c (t = 0) = 1 V, determine w c (f) at t = 1 ms, 3 ms, 4 ms, and 5 ms. 



(a) 

Figure P6.15 



t (ms) 


SOLUTION: 


U-fo) = 


Vc ( 


A 

*) = -t ±. f 


tb 


lm 


V c (lms) = v c c 0) t _L (i^m)dJt 


o 

\rr\ 


V c (lm?)~ I _ f ( I5w)ckt 

loju J 


o 


Vc ( I ms) — /oo x ^3(~t] 0 

\4 ( ~ l+l'ooot 

V c (lms) ~ It l50o( lyr,) 


/yT> 


Vc f I mi) -25V 


24 
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Vc(lms) - V c ( lrr>s) -+ -J~ 

|0m 


r 


l5mndUt 


I 


\J C - 2*5 -f foOXloY '5^lo' 3 ) J 

\^C Clnrvs) ■= 2'5 ~t 1 bbo C £ ~ lmn~J 

VcClrns) r 2/5 ■+ ' 5 oo /rv 0 


<- 

Imo 


Vcf^mV = s-sv 
V c ( J = V c C 3 m) ^-i 


(Oju 


~lomodUt 




* 

3w> 


Vc 5'5 A (ooxio 3 (~IOXIo l )[jt J 

\/ c (Lfrns) - 5 5 - loOoC^-^1 

VcC^ms) - 5 5 - looo QVyio- 3vrO v 


Vc ( Wmi) - ^/'5 V 

Vc f 5 rns) - V c /Om) t / I - lomcLt 

ioju 

Urrt 

\/c ( t 5ir>s) — V'5 + /ooXio^ /—<oX I o 3 J 3 


* 

r 


>r> 
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V c [ 5ms) - ^'5 ~lo oo 

~ ^'5 - /OOQ £Srrr Urn] 

VcCrm^) - 3*5 V 
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6.16 If u c (f = 2 s) = 10 V In Che circuit In Fig. P6.16, find 
the energy stored in the capacitor and the power supplied 
by the source at t = 6 s. 


+ 


v c (t) 


D 

- 

0.5 F 

6fi< 

2 A 




Figure P6.16 


SOLUTION: 


\4 1*0 



T 




h 

6 

= 1 f 1 ou i IO 

V 

Vc.ud = tio 

V c Cii) = 2-CiC6> t,Q 

\J,(A) - 16 V 
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Wc (>0 - J-C 


C £z) 


] 


# 


UJ 


c u x ) - ±[±) [ 2 O 1 


UJc Cil) 


GqJ 


= J(Jri) 3 f 6) 


24 6 


J 


- 2 


Vr (* l ) - 

N4(i:i) = V c C^) t V^f^) 
Vs ( Jti) “ 

3ov 

P s (*0 - VsC^i) is 
P S C*) - 2oC ^ 


II 

q 
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6.17 The current in an inductor changes from 0 to 50 mA in 2 ms and induces a voltage 
of 50 mV. What is the value of the inductor? 


Solution: C-n 

V =. L (it V = L A ± 

d t at 

L - V At 
Ai 

L - i mh] 


Ax =- 50 'ro A At- T.'ynS , 

v=- 5 o vm v 
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6.18 The current in a 100-mH inductor is iff) = 2 sin 377r A . 
Find (a) the voltage across the inductor and (b) the 
expression for the energy stored in the element. 


SOLUTION: 


(Oj 

vft) = 

cUCt) 

dUt 


V(t) = 

0-idK2n) coi 


V(t) - 

15 U cos 3 11 i V 

(bj 

uu( Jt) 

* k u 



J/ (O' 1) sin 311* 


Uu -fc — 

Q-L sir) 1 - 311* j~ 
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6.19 If the current ;(/) = 2.0/ A flows through a 4-H inductor, find the energy stored at 
/ - 3.9. 


Solution: 6-iq 

WiC-t? - _L L [XU)] 1 

IJLS - ) - ±xu * [2.X3j L 
a_ 


=■ 11 J 

U(33 ^ 72T 
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6.20 The current in a 25-mH inductor is given by the 
expressions 

i(f) =0 t < 0 

i(f) — 10(1 — mA t > 0 

Find (a) the voltage across the inductor and (b) the 
expression for the energy stored in it. 




SOLUTION: 


& 

ll 

0 

r\ 

1 

0 

(a) v(i) = 

L cU CAL 
cJdt 


dui(-b) 

= f° , 

t < o 

cUt 

/ foe'* 

\ 

Vfrf) - 

5 ° 

, t < o 


/ A >° 


lb) 


L Olt) 

LOit) 


J- Li>(t) 

z 


r 


O J 


t < o 


1-25 (i-e'lVj / * zo 
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6.21 The current in a 25-mH inductor is given by the expressions 
/(/) = 0 / < 0 

i(/) = 14(l-e w )mA / > 0 

Find 

(a) the voltage across the inductor and 

(b) the energy stored in it after 1 s. 


# 


Solution: & -2,1 


(a) V =: L di 

Zt 


V - 


Cr V -t 4. O 
3So XlV t?o 


0O = J_ L 4*0*0 

2 . 

UCO - 0-974 -UT 
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6.22 The current in inductor is specified as 

follows. 

iff) =0 r < 0 

i(f) = 2 te~ M A t > 0 

Find (a) the voltage across the inductor, (b) the time at 
which the current is a maximum, and (c) the time at 
which the voltage is a minimum. 

SOLUTION: 

i(t) -OA t <0 

jlU)' 2ie H ‘ A , t 70 

( a) - |_ cUJJJ 

out 

V L (t) ~ 5bnn 

-Mi 

\S L (i)~ ^ O' 1 e 

\/ L ti) — 0-1 e' Ui ( l-Wi) V 

V L it) - OV , * < O 
V L Ci)= o i e' M,t ( , #70 

Cb) TAx firm uDhjin ji(*) rrarlmunn ua 

v_^0urCt (jJaqjt) 

Cti CJt) = 0 

oLt 


r 


[-v)c 4e' ( 2 ) 
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# 


cL lLAI — - % t £ 

cLt 


- %± e. - o 


£ * € 


-Mje 


2 € 




("o V U C*J = 0 C l ' L <x) V 
V L C*) ^ O le'"* -0-M #c' 41 

d. Vtdx) =-WCo Qe - 0<-i(-H)J:e -OMe 

out 
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6.23 The voltage across a 4-H inductor is given by the waveform shown in the Fig. P6.23. 
Find the waveform for the current in the inductor. 
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6.24 The voltage across a 4-H inductor is given by the 
waveform shown in Fig, P6.24. Find the waveform 
for the current in the inductor. v(t) = O* t < 0. 



SOLUTION: 
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6.25 The voltage across a 10-mH inductor Is shown in 

Fig. P6.25. Determine the waveform for the inductor 
current. 



SOLUTION: 
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6.26 The current in a 10-mH inductor is shown in Fig. P6.26. 
Determine the waveform for the voltage across the 
Inductor. 



SOLUTION: 
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6.27 The current in a 50-mH inductor is given in the Fig. P6.27. Find the inductor 
voltage. 
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6.28 The current in a 70-mH inductor is shown in the Fig. P6.28. Find the voltage across 
the inductor. 



Figure P6.28 
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6.29 Draw the waveform for the voltage across a 24-mH 

inductor when the inductor current is given by the wave¬ 
form shown in Fig. P6.29. 
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6.30 The current in a 29-mH inductor is given by the waveform in the Fig. P6.30. Find 
the waveform for the voltage across the inductor. 



Figure P6.30 
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6.31 The current in a 4-raH inductor is given by the waveform 
in Fig- P6.31. Plot the voltage across the inductor. 



SOLUTION: 
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6.32 The waveform for the current in the 2-H inductor shown in Fig. P6.32a is given in Fig. P6.32b. Determine the 
following quantities (a) the energy stored in the inductor at t = 1.5 ms, (b) the energy stored in the inductor 
at t = 7.5 ms, (c) v (t) =1.5 ms, (d) v At) at t = 6.25 ms, and (e) v At) at t = 2.75 ms. 


i(()0 ®i(Oj ZH 


(a) 
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Figure P6.32 


SOLUTION: 
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6.33 Find the possible capacitance range of the following 
capacitors. 

(a) 0,0068 |jlF with a tolerance of 10%. 

(b) 120 pF with a tolerance of 20%. 

(c) 39 (jlF with a tolerance of 20%'. 

SOLUTION: 

(a; C = 0*006 % jut F u*<th 10% toluranuL 

R '• 

61-2 r)F ^ C ^ 7W'?nF 
C'llT) ^ C $ "7-^0o 

(bj C~ )20pF uj'th 20 */, ‘foJkyaHCSL' 

; 

iMMpF 

(C) C"39juP uJii'F) 20^ tdUycxoUL 
Rar\gZ- - 

2)'2JUF < C< ^i^Spr 
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6.34 Find the possible inductance range of the following inductors. 

(a) 50 mH with a tolerance of 10%. 

(b) 8 nH with a tolerance of 5%. 

(c) 63 pH with a tolerance of 10%. 


Solution: C*3M 
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6.35 The capacitor in Fig. P6.35 (a) is 53 nF with a tolerance of 10%. Given the voltage 
waveform in Fig. P6.35 (b), find the current i(t) for the minimum and maximum 
capacitor values. 


•xo 



(«) 



Figure P6.3S 
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6.36 Given the capacitors in Fig. 6.36 are C L = 2.0 jjlF with a 
tolerance of 2% and C 2 = 2.0 jjlF with a tolerance of 
20%, find the following. 

(a) The nominal value of C eq . 

(b) The minimum and maximum possible values of 

Cgq. 

(c) The percent errors of the minimum and maximum 
values. 


Cl 



c 2 

Figure P6.36 


SOLUTION: 
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6.37 The inductor 10 Fig. P6.37a is 47 [jlH with a tolerance 
of 20%. Given the current waveform in Fig. P6.37b, graph 
the voltage ufr) for the minimum and maximum induc¬ 
tor values. 
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i(o() v w L j 


(a) 



Figure P6.37 
SOLUTION: 
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1°*- 

^ f ^ <-fC>rrv* 


Vivia* 

/1J - 0'2-J O' 1/jiJ f 0-5) 

- ~ 2 % 2 fji \J 

Vml^CX) -(o ?J ( 



4 arm 5* t SOvrvf 


Vmm (*) = 0-1) CW-lu; £0 = 

5 u v/ 

Vm 

[t) =/0'*Xw-HuK 0- 

- M^/jv 

✓ 


5"0m,i &Oyy\$ 



\l(t) - OV 


Jjpn 

lOyy-^j 


Vrnav 

it) ~ 0*2-3 /W'1ju)C0 

= 5'6H uv 

Vm<>) 

(i) - (p?)£^oxO CD 

= Mfeui/ 

4°H 

f 7 70rr\S 



V«) ' OV 
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6.38 If the total energy stored in the circuit in Fig. P6.38 is 
80 mJ, what is the value of L? 


L 



Figure P6.38 
SOLUTION: 


L V 



V = L elL —O , i L in a coruiart 


±Kl ClrOLU* 
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2 oo II 50 

- 2 00 C 50 ) 


200+50 


L(0 SL 


Vc- 

(1X^0) 

V c =<HOV 

u/d. - 

1 c Vc 1 



wb= 

kCfOui) 


IaJ c — 

60 vr)J 


f lOO 

)CU 

1 L 

^ 2.00+50 
- O’* A 

/ 


'4 LiS 

l- 

UJ L ~ gom-6 hyy) 

UJl ' / 6 

L- gC I km) 

Co s) x 

L' 5omH 
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6.39 Find the value of C if the energy stored in the capacitor in Fig. P6.39 equals the 
energy stored in the inductor. 


C 



Figure P6.39 


Solution: €>- 3 q 



4 



, v c eu^d Jl L cute. 

Oenr^Jc <X*y£. 

i c - c dv c ~ O oj^d 
dut 

dt 

i L - _ *2=— - 3H'i9 mA 
V c - u-ft-i- - 8 - 5^1 V 


Wc- _LcV c Z = U L ^ XU. 3 - =■-> 
2 ^ 

c - 
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6.40 Given the network in Fig. P6.40, find (a) the power dissipated in the 3-G resistor 
and (b) the energy stored in the capacitor. 



Figure P6.40 


Solution: Q ho 



* 





aJU 4o-UHces One. 
Oyv^JoojfJc f CkXL VoJ-fca^e* 
ojr\& caamx.o\± OLM-e. cevui-tanJ 
- L — O 

X c - c dLvfc. =. o 
dtr 

Prj. — Rj. , *Uc ~ ■^Cv c 2 ' 
<S u^> otp extl ■tco'w 

-- fcfe] 

- -1-815 


V - 

10-5M UJ 




UJ C - 

21f J 
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6.41 What values of capacitance can be obtained by intercon¬ 
necting a 4 -jiF capacitor, a G-jjlF capacitor, and a 12 -jjl.F 
capacitor? 


SOLUTION: 


C, = MwF , 0 != S-uF ,arct. Cj = IlMh 




Cty ~t\ iC L iCj - M Mi ~ 2l ' uF 




fulT 

C| Cv c z 



. ( 

X + J_+ JL 

I2>U 

— 1 jUF 



(c L ~tc 3 ) Cc,) 

t<L% “ c,-tU+c~ 

^ 1^3 — 3 > 2.1 Ax f 
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Ctfi i — | 




-- 


= tlicJ(Cl) 




= 

C | -# C x "f C-i 

°-£S 

-3 



1 

Ce^£ =■ 5" MS ju F 


Cu - 

l c 

I T ‘ 






> 

5 

J 

- 

— 1 

Ct lt = !£ii£ii££i2 
C,+^+ c l 


C, i 

L 

JL f 

T 

/-A 
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— QCCt-i Ci ) 

Ci-tCifcj 



- Ci C Ci+Cj) 

C|~t Ci -f Cj 


CqJ^O cjxcxriC-^ 


vOJjusu possikb. 


i — 2 2-Uf 

C e^2 ~ 

Ce^i, “ IH'MxjF 

S'HS *-fF 

~ M F 

C e?? - 
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6.42 Given four 2-p.F capacitors, find the maximum value 
find minimum value that can be obtained by intercon¬ 
necting the capacitors in series/paraliel combinations. 


SOLUTION: 


c,= c L =c^ c^~2ur 

fV\in'iynju.rr) oJmLO cJU GsnrvocKct in-^aniav 


-? 


^1-1 \ 

C, Ci 


Cu, Ci 

'I I-H 


c 


VVhi Y) 


I 


-i-f J- 

c, Cx, Ci Cc, 


Cyrt'M 0 '5 Ju ^ 


^aK'Tvuurvt uJ)un CUA ir) 
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< '-7r6x C| + Ci 4 Ci 4 Clj 

C max ~ M ^ 
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6.43 Given a 4-, 12-, and 16-pF capacitor, can they be interconnected to obtain an 
equivalent 8-pF capacitor? 


Solution: & 

'its 

JT 

~ZL c 


T 

11 JUf 



~ ttilf 


(*IX»6 

-t -t \ 

, ■+ 11* tO ) t LX to 


(^Xicf^+Uxto -4 )-*- 16X 10 
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6.44 Determine the values of inductance that can he obtained 
by interconnecting a 4-mH inductor, a 6-mH Inductor, 
and a 12-rnH inductor. 


SOLUTION: 


L|- j L^-6/viH /cmcl L 2 ~ limH 




f~i L-i 


Le^= 



Le^ v - U+Lv+Lj 
Lif^2 - 2XhnH 



Le.93 - Li ~ t~ L| 

U+Lj 


Le^3 r 2 )rr\ H 
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Le£4 - C Li-H-2.) ( ij) 

L| 4 Lj 

- 5"' L f 5 >0 H 



Leq s — C L/11 Li) + L 3 

Ld.^5 =• L, Li "t 

L,4U 


y L^ 



Le.^6 - ( L, I) L-^) 4 L- 

Le f 6 = L, L 3 4 U 

L,+ L 3 

Lc-2.6 —H 
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78 



L, 


L| 
L|+ 1*4 Lj 





— (L|4 ) C Lr) — H- 3 ^ 


L. 4 L, 4 L- 


3YTCtUCtflLr>CJt VGJUxfiA |^o il i bJU.: 


*"€.^1 - X)noH 
Lc^^-r "XinoH 

Ll ^5-45^1-1 



lfi^5 = 
= 

leqi 


I H • <~f V>of-f 
4 noH 
3L1yv\H 
— 4 • 3 4 no H 


Chapter 6: Energy Storage Elements: The Capacitor and the Inductor 


Problem 6.44 




Ch06.indd 78 


12/23/08 1 















Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 79 


6.45 Given four 4-mH inductors, determine the maximum 
and minimum values of inductance that can be obtained 
by interconnecting the inductors in series/parallel 
combinations. 


SOLUTION: 


L,~ Li - 4 “ Lcf - 




jY~rr^ 

L, 


Am 



/TV> 



/VW' 


Ll 


L 


ir)4A 




Ltioqx - ) 6 nn bf 





^hniy) ~ --—--- 

_L 1 _J_ i J__ -f _L 

L, E 3 1-4 

Ur>» n = Imrt 


Chapter 6: Energy Storage Elements: The Capacitor and the Inductor 


Problem 6.45 




Ch06.indd 79 


12/23/08 1 























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


6.46 Given a 6-, 9- and 18-mH inductor, can they be 

interconnected to obtain an equivalent 12-mH inductor? 


SOLUTION: 



G yvi H 


Li. — 

Wl H 


a ndL Lj - 15 W) i-f 



^ L i 


L 



- l J- L 3> ■+ L i 

Li"t 



I 2 mH 
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6.47 Find the total capacitance Ct of the network shown in the Fig. P6.47 below. 



Figure P6.47 


Solution: 6-H7 



—!(■ 


Cs 

1(— 1 


- 6/txf 
Cj s Cj t 

c, -t c* 

- [" * 

c T = itVyuT] 
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6.48 Find the total capacitance Ct of the network in Fig. P6.48. 





Figure PS.48 

Solution: 6-4 8 
3/U.f 



=> 




C--[ =, C, ■+ CxCg 

c T - 4-44 
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6.49 Find the total capacitance Ct shown in the network in 
Fie;. P6.49. 


6 |jlF 


4 [jl F 



- - It - - 

” 0 |_L-F 

" 4 [jlF “ 

- C 

T -" 

_t_ 


2 jjlF 


2 jjlF 


Figure P6.49 


SOLUTION: 


C, 



- 4 h 


- 

L 


—- 

t c 2 J 

“Cs- _ 

•1 Ct -v 



J 




Cl 


C,= J C^UmF t c 3= 

C-uf — II juF , L <' u F ) C ( = 2 ajFj 

G.rxL C-j — XM. f 

c' =- c m ) + c i 

Ch 4 

c ; - ( ^ju -I- zu 10 Udl 
I ljui W-U 4* 2 A 

C' = 
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fad rQjLO • 


p p 

II_II—, 

: ] 

c T ^- 

L C ' 

j 

1 = 

1 

C" C, c t c' 

_L = 

i + _i_ 

+ i 


C" \2m 


I - 500,000 

C" 

Q l' - 2-U F 

C r = 4/4 F 
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6.50 Compute the equivalent capacitance of the network in 
Fig. P6.50 if all the capacitors are 4 jjlF. 


1 \( i 


1 \{ 



Figure P6.50 
SOLUTION: 






c : 

L 


-c-i 




y 

C z - 





C,= C^c s - Cc,-C 5 = 

C' = PjuF 



c"= C,c' - IMF 
C| -tc' 
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Cti = C"+ C^+Ce 

= /o 6 7 ju F 
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6.51 Find C T in the network in Fig. P6.51 if (a) the switch is 
open and (b) the switch is dosed. 



SOLUTION: 

(a) s Loutch o^T)', 



C T = C/+ C" - 
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(y 


SqjcJCI') CJLo^cL • 


c- 


71 

M -T 








q-; 6/U 




C'- Ci+Cj 

C"- C^C^= I2xjr 




l c , 

I c 


C 


C T 


- C'C 


>r // 


c' + C 


n 


Cj ■“ ^ 
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6.52 In the network in the Fig. P6.52 below, find the capacitance Ct if 

(a) the switch is open and 

(b) the switch is closed. 



Solution: £-52 
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X~ L 


C- f — Ci C-t 


c.-t-c. 


c,c 


a. u H 


T 

^tc 4 C 3 + C5 


T“ 1 

nj 

r" i 

C T 3 0/ kF 



c x =- CCa-i-Cj) 

Cj. ■+ C3 -t c M -t Csr 

- is /-.r 

C T — C„ + C,Cc 
^1-i-Cc 

c T= 30 
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6.53 Select the value of C to produce the desired total 
capacitance of C T — 10 ,(jl F in the circuit in 
Fig. P6.53. 



1 6 pF 


Figure P6.53 


SOLUTION: 


-1 

C j - lojur 

^ i i c 

T J 

C,= andl Ci= I 

C r ~ ( C| + CQ (Tc) 

Ci+Ct+c 

Ct Cci+c J +CC t - C c 

cCCi+C^-Crl - C T Cc,+Cx.) 
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C= C T C Ci±£jA 
c,+c l -c T 

c= iqm C&u t M 
?u-f/few- 

c- / f I'-i.uF 
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6.54 Select the value of C to produce the desired total 
capacitance of C T = 1 (jlF in the circuit in 
Fig. P6.54. 



1 p.F 


Figure P6.54 


SOLUTION: 



C,= \JUF ,Ci= iJUF j Cj= l-UF , Cl,- ImF 

C* - ( C+Cj) f Cq) 

c+ q-f c., 

Cy-- ( 04 ^X 0 

*■-"TCj -fCj. 


Cy - Cfi-f-Cy 

c r = (c-fc pccM) + <f q+CvKo 

C+C 3 +C 4 Cf C| 4 Ci. 
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)u- (CHu)f In) ■+ C iu-t-2 u)Cc) 

I I Ll-f' 2 XX 

I xx - C_c -ptju KuXcj 

Ctlju C+-ZXA 

I - Cf ) -f 3c 

c-+ 2 cn 

I s * atC ' C jla xin XxF 

c-hl - ctl +- jCCCfl) 

- 

(Cil) CCt3)=fC-H;(pC+3) + lcC C42.) 
C^ + SCK =c*-f 4cf3 -f-£C 
3C v t 5C -2 - O 

c= _£* 

XC 2) 

c = - 5 ± 1 -ffl 

£ 

(2 - V 65 10 F 
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6.55 The two capacitors in Figure were charged and then connected as shown in Fig. 
P6.55. Determine (a) the equivalent capacitance, (b) the initial voltage at the terminals, 
and (c) the total energy stored in the network. 


3v 


+ 



Figure P6.5S 


# 


Solution: ^ 



CtXL 



V - -3 tt ^ -2 .V 
V--2V 


\J- J_c, v, 1 -v _L Ci.v, 1 ' 

2 2 * 

w _ 1^/4. T , 
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6.56 The two capacitors shown in Fig. P6.56 have been connected for some time and 
have reached their present values, Find V 0 . 


:12*F 


16v4c 3ilF 


# 


Figure P6.S6 


Solution: 6*56 

XcltvCtl cjcJL c>*oot^e. ©v\ tA-cJk. coLpOLscittut. 
§ = CV - (s> to" 4 |0~ 6 ^) V 0 

-> W ° - H '°^1 
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6.57 The three capacitors shown Fig. P6.57 have been connected for some time and have 
reached their present values. Find (a) V\ and (b) F 2 . 



# 


Figure P6.57 

Solution: (>’51 



£i - f 



C x= IJUF 

_L_ 

4 


v ( + V x | o v 

V, ^ 2-V 
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6.58 Determine the inductance at terminals A-B in the network 
in Fig. 6.58. 


1 mH 1 mH 



SOLUTION: 





L| - Lj- Lg - IyvH 

L l - limnH 

Ll/= (_ r - WyyW 

L~) ~ Lg — Lq - 2noFf 

L-<x - L-j - 3)ooH 

L l - L4 L/x _ — 2-yvtH 

Chapter 6: Energy Storage Elements: The Capacitor and the Inductor 


& 


98 




Problem 6.58 


Ch06.indd 98 


12/23/08 1:33:31 PM 





























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


c - Lf t Lq - MnoH 

U - . 

LcLr - 
Lcf L 5 

L-e ~ 

U ( L L a ) 
L 2 i-L b -t 

Lc - 


Lab 

= L,-fL 3 +L e 

L PrS ~ ?Vr)H 


Chapter 6: Energy Storage Elements: The Capacitor and the Inductor 


& 


99 




Problem 6.58 


Ch06.indd 99 


12/23/08 1:33:31 PM 






Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


# 


6.59 Determine the inductance at terminals A-B in the network in Fig P6.59. 

2 mH 



Figure P6.59 


Solution: 6-5^ 





L* =- L$ -+ Lj. L3 
Lx.+ L3 

— %Tn H 


Ly ~ (-1,-1- L £ 

- H 


^-aq ~ (-1 "+ L-j 

L^q — 9 


+ U U 

L X -t Ly 
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6.60 Find the total inductance fit the terminals of the network 
in Fi^. P6.60. 



SOLUTION: 


# 


Rod kjuuu ci isojjfc * 

Li 


L 7 



Lj_= ItmH , Lj - 

V 

noK ! Li = limH u00^ sho 9 Jjui‘ 


Lr - 


C Lx 11 ) 1" L 5 "J II L 


Lj ~ [(12-*° H Lm) -f J 11 

11 M vn 


Lt 


II *+ 

11 ryo "f G rV) 
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102 


L t = 6m II 



2'M ir)H 


# 


% 
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6.61 Compute the equivalent inductance of the network in 
Fig, P6.61 if all inductors are 4 mR. 


# 



SOLUTION: 



CL 



U = L,Ll - 

L|4 L v 

Lb ~ Lq t-H = 2VT) H 

L? -H-W 


Red?aju)i~nfy 



d 



W 

2_ 

CL 
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6 M 4 2. 

. L| yy\ H 


# 


% 
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# 


6*62 Find L T in the network in Fig, P6,62 (a) with the switch 
open and (l>> with the switch dosed. All inductor are 
!2 mH- 



■ 6 ■ £ 2- 






- £wH Ljj. = Lg C L-) 4-L-g) - 

U -t U + U 


(_<9 L T ~ + £U ,» Ur) f Mi + Ifr) - 2 ,| HT-ViH 

_ _Lx+ l 5T * 14+4 

(.t) L t - L, + Lx. Li| + - 2 .o S^H 

Lx*U LrvL^. 


Lf = 2.0 • "S tv \ H 


# 
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6.63 Given the network shown in Fig. P6.63, find (a) the equivalent inductance at 
terminals A-B with terminals C-D short circuited, and (b) the equivalent inductance at 
terminals C-D with terminals A-B open circuited. 


10 n»H 



Figure P6.63 


Solution: 6*t3 






Lcd“ 0-» Lh ) 

L, +Li+L 3 -f 
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6.64 Find the value of L in the network in Fig. P6.64 so that the total inductance L T will 
be 2.25 raH. 



Figure P6.64 


Solution: 


# 



U =- L-1 ■+ U-3 - 2. ■+ 6 L YT, H 

L+L 3 t + L 

Lt ^ L, Lx - 2-2-5 hri h =?> [L= l r^TT 

L| + L x 
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6.65 Find the value of L in the network in Fie. P6.65 so that 


the value of Lj will be 2 mH. 


2 mH 



1 mH 


4 mH 


SOLUTION: 



ML 


M-H 


Lr - ( 2 - Wl 


L 


H+l 


Lt 


1-i ML 'j L 

M+l/ 


L-t- ml 

M+l 


L-t 


2 L -f 




M-fL 


LfLi+L)^ 2f W-fL)-r ML 


L rfL- 
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<s> 


L t = ILfM-H-) -tHL x 

MtL _ 

UyJ- C_ -hg+H-t 

l 

L t = pi 4 

rt-f U+z-m- 

L t = CL*+*l . 

L t = 6 L j^JL 

L 1 -! iQLi-f 

QL ’ + ?L = 2-L 1 -f lOL + 1 & 

t-fL a _ 11-L-lfe =0 
L' 1 - 3 l~ W =0 
( L-M J ( L~t 0 ” O 
L=<h , L=-l 


L=4mH 
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6.66 A 20-mH inductor and a 12-raH inductor are connected 
io series with a l-A current source. Find (a) the equiva¬ 
lent inductance and (b) the total energy stored. 


SOLUTION: 


(CO 


L|- 20 mh 



|_2~ l2_)onH 


L - L. -+U ' 20mi- linn 


L 


e 


1 / 


3 i nn H 


^±o-ta'i~ K L|Tl + /^ LiI 
VJ uW = ]^(lOm)/l) 1 4 

V.j =. IS m3 
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6.67 For the network in Fig, P6.67, v 5 (t) = 120 cos 377# V. 
Find u 0 (f). 

1 kft 

-vW- 


1 

V 0 (t) 


Figure P6.67 
SOLUTION: 




C- \jlaF ancr R- I k-O- 

120 CD6211 -* V 

X-' icUoJL ojD' 

C d ~ X / 0 

cut & 

\/ 0 - -RC Civ s 
oU 

vs= -(ik) 0w) Gi2o(m) c os mt 3 
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Vo(t) = M5'2M -Sin 111 * V 
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6.68 For the network In Fig, P6.68 choose C such that 
LVi = —10 [ v 5 dt . 

C 


Source model 



Figure P6.68 


+ 

v o 



Iok = Iok 
Recfr- zokJI- 



C iCOqJL &p>~0.ry\p) 
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C - 


_L_ 

10 

I 25 uf 
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6.69 For the network in the Fig. P6.69 below, v 5 (t) = 80 cos 324^ V and 
v s (t) = 40 cos 324^ V. Find v o (t). 


# 



Solution: 



VoCt't - -i f + y*±S)&t 
C J U, {W 

V 0 Ct) =- -2H-1 SovSzm -t v! 
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6.70 The circuit shown in the Fig. P6.70 below is known as a “Deboo” integrator. 
Express the output voltage in terms of the input voltage and circuit parameters. 


*2 



Figure P6.70 
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6.71 An integrator is required that has the following performance 
F o =10 6 J V s dt 

where the capacitor values must be greater than 10 nF and the resistor values must be 
greater than lOkQ. 

(a) If ±20 v supplies are used, what are the maximum and minimum values of V„1 

(b) Suppose V s = 1 v. What is the rate of changes of V 0 1 


Solution: 6 71 



v„ =- -Ba_ fv.at 

CR, Ri J 

R-3- 


C = to rtF 
8 riji. 


Ri = 2.0 k-£l , aok-O- 


(.00 




V D ovvMMjt Clce-td jtKe Qjrd it -Li ii-vwi ± xo V 


vwxtl _ 

xo v 


vvvilYV 

- 20 V 


Vs - I V V 6 Ct)- lo 4 /dt 

= lo 6 -t 
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6.72 A driverless automobile is under development. One criti¬ 
cal issue is braking, particularly at red lights. It is decid¬ 
ed that the braking effort should depend on distance to 
the light (if you're close, you better stop now) and speed 
(if you're going fast, you'll need more brakes). The 
resulting design equation is 


braking effort = Ky 


dt 


+ K 2 x(t) 


where j, the distance from the vehicle to the intersection, 
is measured by a sensor whose output is proportional to 
.r, v — oun Use superposition to show that the circuit 
in Fig. P6.72 can produce the braking effort signal. 


u 


sense 



Figure P6.72 


SOLUTION: 


<R cl 



v x 




^ C ciV sense 


djt 


V&tvue. 

_ 
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V 0 - zBi-Vfi ~A_Vy 

Ri R? 

v 0 = d RiRqC ax 4 °< * 

d*- Ri- ^b 

Ki r Pa R&.C 

R, 

K l = AA. 
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6FE-1 Given three capacitors with values 2- p,F T 4-p.F, and 
6 -jjlR can the capacitors be interconnected so that the 
combination is an equivalent 3-p,F capacitor? 


a. 


Yes. The capacitors should be connected as shown. 



b. Yes. The capacitor* should be connected as 
shown. 


£\i F 



c. Yes. The capacitors should he connected as shown. 



d. No. An equivalent capacitance of 3 julF is not possi¬ 
ble with the given capacitors. 


SOLUTION: 

The correct answer is a. 

Yes. The capacitors should be connected as shown. 


2 juF 



Hf- 

6juF 


C 


c 


eq 


6/U + 6/U 
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6FE-2 The current pulse shown in Fig. 6PFE-2 is applied 

to ii I -jjlP capacitor. What is the energy stored in the 
electric field of the capacitor? 

fO Jj ^ 0 

a. w(t) = ID X 10V./,O <i<i ^x 

[ It) P-J, f > I \L$ 


1 0 j,t ^ 0 

6 X WftJ,Q <fil jLj 
6 pJ, t > 1 jxy 

[0 J,t ^ 0 

c. w(t) = < IS 10Vj,0 < j 1 ^ 1 J-JL-V 

[ IS JJL J, t > I |1,V 

[0 f == 0 

d. w(/) = <30 X 10*/ J,0 </£l |jl.v 
f > 1 


'(0(A) '■ 


Figure 6PFE-2 


0 1 


/(*lS> 


SOLUTION: 

The correct answer is c. 

q(t ) = | i(t)dt 

0 C, t < 0 

g(7) = < 6/ C, 0 < / < ljus 
6ju C, t >\jus 
q(t) 


v(0 


v(0 = 


c 

0 F, r < 0 

6xl0 6 / F, 0 < / < ljus 
6 F, / > ljus 


w(/) = ?Cv 2 (0 


w(0 


0J, / <0 

18xl0 6 / 2 J, 0 <t < ljus 
ISjuJ, t > \jUS 


Chapter 6: Energy Storage Elements: The Capacitor and the Inductor 




121 


Problem 6FE-2 


Ch06.indd 121 


12/23/08 1 













Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


6 FE -3 The two capacitors shown in Fig. 6FE-3 have 
been connected for some time and have reached 
their present values. Determine the unknown 
capacitor C x . 


a. 20 jjiF 

b. 30 \lF 

c. 10 \lF 

d. 00 \l! 


Figure 6PFE-3 



jfe SO 


hT 


SOLUTION: 


The correct answer is b. 


The voltage across the unknown capacitor C x is (using KVL): 
24 = 8 + V x 


V x =\6V 
q = Cv 


The capacitors are connected in series and the charge is the same. 
q = 60// ( 8 ) = 480// C 


C=± = 


480// 

16 


= 30 juF 
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6 FE -4 What is the equivalent inductance of the network in 
Fig. 6PFE-4? 

a. 9.5 mH h. 2.5 mH 

c 6.5 mH d. 3.5 mH 



SOLUTION: 



The correct answer is d. 

L eq =[{[(3w + 9w)| |l2m]| |6 m}| 13m] + 2m 

L eq = [{[(12m)| |l2m]| |6m}| |3m] + 2m 
L eq = [{6m| |6 m}| 13m] + 2m 
L eq = [ 3m | 13m] + 2m 
L =1.5 m + 2m 
L eq = 3.5mH 


Chapter 6: Energy Storage Elements: The Capacitor and the Inductor 


Problem 6FE-4 


& 


Ch06.indd 123 


12/23/08 1:33:35 PM 

























Simpo PDF Merge and Split Unregistered Version - http://www.simpopdf.com 

Irwin, Basic Engineering Circuit Analysis, 9/E 


6 FE -5 The current source in the circuit in Fig. 6PFE-5 has the 
following operating characteristics: 

_ ffl A,f < 0 
^ ~ [lore-* A, t > 0 

What is the voltage across the Ifl-mH inductor 
expressed as a function of time? 


0 v,t < 0 

(\.le * - 4 te-* V\ t > 0 


h. i>(f) 


0 V,t < 0 

2<?" 2 ' + 4f*' 2 ' V, / > 0 


I (» V, / < 0 

l-d.2te 21 + OM * V,/ > 0 


d. w(f) 


iQV,t<<> 
\—2te~ h V, t > l) 


+ 

v(t) 


SOLUTION: 



The correct answer is a. 
di(t ) 


v(t) = L- 


dt 


di(t ) 
dt 


= 20te~ 2 ' (-2) + 20e“ 2 ' = 20e" 2; - 40fe 


-2 1 


-2t 


-It 


v(0 = 10w[20e- 2 ' - 40/tT 2 ' ] 
fo V, t< 0 

v(0 = 

0.2e -0.4te V, t>0 
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7.3 


^ AddA/iew Comments 


For t = 0— , the circuit is in steady state therefore the inductor acts as a short circuit. 
The initial current through the indcutor is found as shown in Fig (a). 


1,(0-)=2A 


j x (0+) = 2A (v !i (0+)=i x (0-)) 


www.zeallsoft.com 


TTTUp r 


AddA/iew Comments 


For t < 0 the circuit is 


> Step 2 


12kQ 2k Q 


-mv- 

-VWW-1 

loopr —* 

p V c (0 ) 4kn I 


+ 



AddA/iew Comments 


Since there is no source 
r o (0-) = 0V 

r„(o-) = ov 

For t > 0 + , the circuit becomes 



www. myUET . net. tc 
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Now writing the KCL equation at the top node. 


12k ^ ' dt 

(100 n)^^- + v c (t) 

dt 

dVJt) . . \ 1 

* 


1 


1 


,12k + 6k. 


1 1 

(4k)(I00|j,)J “(2k)(H 


+2.5V c {t) = 5 
at 


www.zeallsoft.com 


The solution to this equation is of the form 
V c (t) = k x + k^ - " 1 
Substituting this we have 

-^-s- ilT + (k x +k 3 *"*'■) 2.5 = 5 

Comparing on both sides 
2.5kj = 5 

kj = 2, 


-- + 2.5=0 
z 

_ J_ 

15 

T- 0.4 


Wj AddA/iew Comments 


myU 

ET 
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Add/View Comments 


Therefore the solution is 

v c {t) = 2 + ^ m 

At t = 0~, ^(0") = 0 


Hence 0 = 2 +k 2 
k a =-2 

Hence V c (t) = 2(l- e" 2Jf )'V 
By voltage division 




4k 

4k+2k 


= 

Pi(4)=|(l "«^)V 
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'■ij Add/View Comments 
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' OLtjJ 1 

For t <0~ the circuit is 



Add/View Comments 


2K 


4K 


> Step 2 

By voltage division 
„ . [4k+2kl 

7.4 

r c (o-) = 3v 

For t > 0 + the circuit is 


4K 




www.zeallsoft.conr 


Y 3 


yj Add/View Comments 


Due to the short circuit the left part is not there. So writing KCL equation at the top 
node, 

, ,dV r (t) V r (t) V r (t) 

(IOO^l) gk } - +-^- + - ,. C V. ' = 0 


lOOtL 


dt 
dV c {t) 


dt 


dV c (t) 


dt 


+ v c CO 


4k (4k + 2k) 
+ V c {t) 

1 


4k 6k 


(2.4k) (100|x) 


= 0 

= 0 


d Ml + | r c («) = o 
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Wj AddA/iew Comments (1) 


The solution for this differential equation is of the form 

MO =V-"- 

Therefore substituting we get 

_^ e ^+ 25 k a -*‘* = 0 

T 6 

Comparing we get 

-l+“=o 

T 6 

6 

T= - 

25 

> Step 5 

7.5 

nence v c {t) = k 2 e v 
At t-0~, r c (0“) = 3V 
3 = k 2 

Hence the solution is of the form 


F- C (0=3*"^V 



'</ AddA/iew Comments 


AddA/iew Comments 
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■<,' AddA/iew Comments 


L=0 



> Step 2 


rWft _\ 12x3^ . 

V r 0 j =-= 4v 

^ ' 3K + 6K 

At t > 0 


www.zeallsoft.com 


Jicp3 


Wj AddA/iew Comments 


Wj AddA/iew Comments 
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1 "L J ■’ if 


Wj Add/View Comments 


By applying nodal analysis 


r,-12 +c ^ =0 


6K 


dt 


= 0 


0.6 
+—'-*- = A 


V dV(t) 

6K dt 

*iM + m =2< > 

dt 

dx[t ) 

dt T 
The solution above (2) equation is 

-f 

x(i) = AT+K 2 e T 
By comparing equation (1) and (2) 

*(0 = ^(0 
A = 20 
T = 0.6 

=>J^(f) = 20(0.6)+ 


>V t {t) = Kf ™+12 


At t = 0 + 

p ; C 0+ )=^. +12 

=>4 = £,+12 
=> J ^=-8 

-t 

V(t) = 12-Se 06 


—a) 

-( 2 ) 



www. myUET . net. tc 


Page 7 


























Simffi PfoF 5 d b v David lrwin 

www.myUET.net.tc | We Feel Your Feelings | 


7.6 



Wj AddA/iew Comments 


For t <0 the circuit is 


> Step 2 


9kn 



By voltage division voltage across 4kQ , 

= 6x(-—-1 

+ftn U^+9k + 3kJ 

_ 6 

“ 4 

= ^V 
2 

= 1.5V 

Hence ^(°“) = 6-1.5 
r c (0")=4.5V 
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-F O 



Vj Add/View Comments 


At t - 0 the switch is open hence the circuit is 


3kfi 



Step 4 


Add/View Comments 


Writing KCL equation at the top node. 

, , dVM) VJt) 

(100^) ^ } - + , C V. ' = 0 


dt 


dVcifj 

dt 

dV c (t) 


+ PcC0 


(9k + 3k) 

1 

(12k) (100(i.) 


= 0 


* + -e^-° 
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OLC|i 5 


AddA/iew Comments 


The solution for this differential equation is of the form 

MO = M - "’ 

Substituting we get 

-- k 2 e" f/l + - k 2 ^'* = 0 

T 6 

Comparing we get 

-I4=o 

T 6 

6 

T- — 

5 

> Step 6 CL 1 AddA/iew Comments 


Hence the solution is 




V c (t) = k 2 e 
At t = 0, f r c ,(0“) = 4.5V 
Hence 4.5 = k. 


Therefore 


V c (t) = 4.5e 6 V 


'</ AddA/iew Comments 
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7.7 _ Wj AddA/iew Comments 

For t <0” the circuit is 


> Step 2 


12kQ 


J r(o) 


mi 



*o CO = 


24k 


= -mA 
4 


Since capacitor acts as a open circuit, no current flows through the 6kQ ; 
Hence the voltage across the 12kQ is 


V4. 


m 


V mn = (12k) 

= 3V 

Hence ^(0“) = 3V 
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Wj AddA/iew Comments 


At t > 0 + the circuit is 


12kQ 


200 M F 6m 



—1- - 


■V. 

I V d 0 


p 

|12m 



T’o(0 



t6kll 


> Step 4 Wj AddA/iew Comments 

Since there is a short circuit on the right side, the circuit diagram can be transformed as, 

12kn 



+ 
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J'-t'P 5 


^ Add/View Comments 


Writing KCL equation at the top node. 


(200/v) 

■<y c (0 

dt 

dVg{t) 

dt 


<jjM i Ml i o 

dt 12k 12k 

, Ml 6 

(6k)(200^) (12k) (200/j) 

+| (r oW = 2-5 


> Step 6 


Vj Add/View Comments 


The solution for the differential equation is of the form 
V c {t) = kj +k 2 s~ l/l 
Substituting we get 

- - k#-** 1 + - k, +- k, e~ t/z =2.5 

T 6 6 

Comparing we get 

6x2.5 


ki = 3 

_ 1_ _ 5 

T 6 
6 

T= - 

5 
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lJ il l j 


r / 


Add/View Comments 




V c {t)=Z + ^e W 

At 1 = 0", V c (0") = 3V 

Therefore 
3 = 3 + k. 


k 2 =0 


Hence r c (i) = 3V 
Therefore ! 0 (i) = 


Ml 

12k 

3 


12k 


*o CO = ^ mA 


www.zeallsoft.conr 
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^ AddA/iew Comments (1) 
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7.8 


Add/View Comments 


For^<0 the circuit is 


» Step 2 


f'c (0- ) 



By voltage division 


r c (tr) = 12 


6k 

X 6k + 6k 


r c (o-) = 6v. 


www.zeallsoft.com 


Wj AddA/iew Comments 


For t = 0, the switch is opened, hence the circuit is 


v r (/ ) 
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«JLCp ^ 


W*i AddA/iew Comments 


"Writing KCL equation, 

£5!W + M | TO , 

dt 6k (6£ + 6£) 

(ioo M) m. + m= o 

y / dt 4k 

+2.5V e (t) = 0 
dt 


www.zeallsoft.com 


The solution for the differential equation is of the form, 

TO=v"' 

Substituting we get 
-k^e^ 1 + 2.5 V f/I = 0 

T 

-- + 2.5 = 0 

T 

1 

T= - 

2.5 


www.zeallsoft.com 





'-■i; AddA/iew Comments 


Vj AddA/iew Comments 


Hence at t = 0~, F^(0") = 6V 


6 = ^ 


Therefore V c (i) = 6e 2it 
Hence, V(i {t) = - V e {t) 

= - 6e' 251 


V 

6k 

_ 6£ + 6£ 
- r 
2 


V 0 (t) = -3 e ^ V 



www. myUET . net. tc 


Page 16 






























www.myUET.net.tc | We Feel Your Feelings | 


by David Irwin 




www.zeallsoft.conr 



AddA/iew Comments 


7.9 




Att= 0“ 



> Step 3 


AddA/iew Comments 


By applying KVL to the loop (2) 

- 12 + 12 i 2 -12 j; + 12 — 12 jj = 0 

- 12^ + 24 * 2 - 12; 3 = 12 -»(l) 
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•V H 


W*i AddA/iew Comments 


By applying KVLto the loop (1) 

4 jj + 12^ - 12 j 2 = 0 

16ij — 12 = 0 — 

> Step 5 Wj AddA/iew Comments 

By applying KVL to the loop (3) 

4j 3 + Sj 3 +12 i 3 -12 i 2 = 0 

12j 2 + 24 jj = 0 —^ (3) 


> Step 6 


Wj AddA/iew Comments 


ij = 1 mA, 

1 2 = 1.333 mA, 

1 3 = 0.667 mA 

=> ! 0 (0) = - 1 mA 

V c =(0“) = 4 K xlm = 4V 

=> r. = (o-) = ^(o*) = 4v 
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/ 


^ Add/View Comments 


at t > 0 



By applying KVL to the loop (1) we get 

3i 4 + V c (t) + 4i 4 - 4i s - 0 

l h -4 i 5 +F c (£) = 0 -»(1) 

> Step y Add/View Comments 

By applying KVL to the loop (2) we get 
12^ +4i 5 - 4j 4 = 0 

-4 i i +16^ — 0 

4j 4 = 16i s 

^h=77h ^( 2 ) 
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lJ’LCJJ' -LVJ 


V,, 1 Add/View Comments 


By substituting equation ( 2 ) in equation ( 1 ) 

( 6 k)i,+r t (t )=0 ->( 3 ) 

dv, (t) 


But i 4 = 50 |J. 
=> 6 K x 50 p. 


dt 

dK (0 


dt 

dK (0 ^ K(‘) 


d t 


+ 


+ 1^(0 =0 

= 0 


0.3 

-t_ 

V c (f) = K 2 e ° 3 Volt 


> Step ii 


At t = 0 + 

K (o*) = ^ 

K, =4 

=> V c (i) = 4 e 03 volt 


Add/View Comments 
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OLCp 


h { l )=h~h 


and i, = 50 ll — 
1 dt 


f -£\ 

4e° 3 

V J 
/ \\ zL 

1 0.3 


0.3 


4_ 

16 


h = — x 


jj = 50|j.x4 

V "J.jy 

jj = -0.666 e 03 mA 

/ -f\ 

0.666 e ° 3 




/ 


i 2 =-0.1667 e 03 mA 


=> *o CO = 

for t> 0 => 



Wj Add/View Comments 


C 


d_K_ 

d t 


-t\ 


( — _ 
-0.666 e° 3 + 0.1667 e° 3 


mA 


J 


i 0 (f) = - 0.5 e 03 mA 


www.zeallsoft.conr 


- r 


Wj Add/View Comments 
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7.10 



AddA/iew Comments 


For^ = 0 , the circuit is 



SkQ 


> Step 2 

By voltage division 
12k 


r <.( 0-)=6 


\ 


12k + 8k 


^(0")=yV 


Wj AddA/iew Comments (2) 


myU ET 


Connecting UETians Together 
www.myUET.net.tc 

Create your own webpage, Completely Free 
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Wj Add/View Comments 


The circuit for t > 0 is 



> Step 4 Qj Add/View Comments 


Writing KCL equation at node A. 


pooj<) 

dV c (t) 

dt 

dVg[t) 

dt 


dV c {i) 

dt 

, M0 , MO -12 

12k 12k 

/c{‘) 

1 1 1 

12 

100*i 

_12k '12k_ 

(12k)(100/*) 

+^W[ 

'10^ 

— -10 = 0 

£ 


= 0 


www.zeallsoft.com 




The solution for this differential equation is of the form 
Substituting this we get, 

- — b,e ^ + — A:, + — h,e '-10 = 0 

T 6 6 

Comparing we get 


10 


^ =10 


6 

^ = 6 

-i+H.o 

r 6 



Wj Add/View Comments 

PcC0= k l +^2 e_f/l 
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AddA/iew Comments 


Hence the solution is, 

J5f 

V c (t) = 6 + ^0 6 V 

From initial conditions at t = 0“ 
1 R 

r c (0-)=^(0*) = -v 

18 c , 

— = 6 +fcj 

5 

18 
5 

18-30 


= — - 6 


k 2 - 


5 

-12 


www.zeallsoft.conr 


i-J It L } 


1' / 


1 <L) AddA/iew Comments 


Therefore the solution is 

12 -—f 

V c {t)= 6 - — e 6 V 
Hence: V 0 (t) = - [V c (f) -12) 


8 k 


Sk+4k 


12 -T 1 

"2" 

6- e 6 -12 


5 

_3_ 


' 12 
6 + —e 6 




V a (t) = 4 + l. 6 e 6 V 
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7 Lt L J 


Wj AddA/iew Comments 



7.11 


» step l 

For t < 0" , the circuit is 


Wj AddA/iew Comments 


6£1 
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OLC Lf *£ 



yj Add/View Comments 


By current division 

(4 || 12) 


*o(° ) - 


(6+[4||12j) 
3 


= 2x 

6 + 3 

<.(°-) = |a 

For^ > 0 + , the circuit is 


6Q 



Wmm '*d. 1 AddA/iew Comments 


"Writing KVL equation across the loop 

z-rh (0 +( 6+4 K (0 = ° 

at 

— i 0 (i) + 5i 0 (i) = 0 

at 

The solution for this differential equation is of the form 

i 0 (f) = k 2 e* u 

Substituting 

1 -- 
--kf^'+Skte 1 = 0 
T 

Comparing 

--+5=0 

T 

1 

T-- 

5 
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Hence the solution is 


h (0 = *2 


-fi 


at t - 0 , j 0 (0 ) = — A 

- =£, 


Hence the solution is 


(‘K 


2 _* 


Step 5 


Wj Add/View Comments 


Wj AddA/iew Comments 
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7.12 


1 


my f ET 


r diep 1 
For t < 0“ 


V,j Add/View Comments 


the circuit is 


» Step 2 



The resistors 12Q, 6Q are in parallel 


R 


eq 


_ 12x6 

~~ 12 + 6 

= 4Q 
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By source transformation technique 


Wj Add/View Comments 


h fo ) 



30 


> Step 4 


By current division we get 




4116 


3 + (4||6) 

12 

T 

3 + — 

5 J 


12 


3 

= —x 

2 27 

^°-H a 


Wj AddA/iew Comments 
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**U Add/View Comments 


For t > 0 + the circuit is. 


6Q 



Step 6 


AddA/iew Comments 


Writing KVL equation around the loop 

2 ~rh i 1 ) + (6 + 3 ) h (0 = 0 

at 

d . , , 9 . ,, 

j t h {t) + ~h (0 = 0 

The solution for this differential equation is of the form 

h CO = 


www.zeallsoft.conr 


OLCp / 


^ Add/View Comments 


Substituting we get 

-- k i e- Ul +-b i e- tSl = 0 
r 2 

-I + * = 0 

z 2 
2 

T= - 

9 

Therefore the solution is 
i l (t) = k 2 e ^ 
aU = 0”, i £ = — A 



Therefore the solution is 
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Add/View Comments 


□.t - 


m 


r 

-12 

-□.1 J 


7.13 


For t < 0 , the circuit is. 


<s) 


V,; Add/View Comments 




» Step 2 


'<,■ Add/View Comments 


By mesh analysis 

-12 + 6/j +4(/ 1 -/ 2 ) = 0 

-6 + 12/ a +4(/ a -/ 1 ) = 0 


10/j - 4/ a -12 = 0 . (i) 

-4/ 1 +16/ a -6 = 0. (u) 


Solving equations (i) and (ii) we get 
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JLC|J J 


Wj AddA/iew Comments 


Hence 1 L (0 ) = /j - 1 2 
_ 3_3 
~2 4 

M°') + 


www.zeallsoft.com 


* OLt-JJ -4 


•<, AddA/iew Comments 


For£ = 0, the circuit is 


6V 



> Step 5 Wj AddA/iew Comments 

6 + 2 —i L ft) +(4 + 12 ) i £ ft) = 0 
at 

l -h (0 + 8 ^ ( 0=“ 3 
at 

The solution for this differential equation is of the form 
h {i) = k l + k 2 e~ tl * 

Substituting we get 

+3^+ S^e -f/l = -3 
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II 


www.zeallsoft.conr 


ILC|J 


Qj Add/View Comments 


Comparing 

3 ^ =-3 



- 1 + 8=0 

T 


1 

T-- 

8 

> Step 7 


The solution is 


h (0 = - - + k 2 




at t = 0 i l (0 ) = 

3 -3 . 

— —- T 

4 8 

. 3 3 

k* — — + — 

4 8 

k 2 =- 

3 


^ Add/View Comments 


myU ET 


Connecting UETians Together 
www.myUET.net.tc 

Get Solutions of All Engineering Subjects 
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Qj Add/View Comments 


U (i) = --+-«-* A 

W 8 8 

From the circuit 


*o CO = -i iCO 




» Step 9 



^ AddA/iew Comments 


myU ET 


Connecting UETians Together 
www.myUET.net.tc 

Get Solutions of All Engineering Subjects 
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-1 I A 

• —-- Add/View Comments 


For^ = 0 , the circuit is 


5mA 


5m 



> Step 2 Wj Add/View Comments 

Since inductor acts as a short circuit for a steady state, no current flows through lkQ and 
towards the right part 
Hence i L = 5mA 

For t > 0, the circuit is 


2kO im 


im 



Reducing the network from the right side 
^ =[(lk + lk)||2k] + 2k 

=[2k||2k] + 2k 
= lk + 2k 
= 3kQ 

> Step 4 Wj Add/View Comments 
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Wj Add/View Comments 


-lj D lkx3k 

Now ^ = l^ 

= - k O 
4 


'"*(0 



www.zeallsoft.com 


iHC J.J LJ 

"Writing KVL equation across the loop 

lm — i (t) +i (t) —k = 0 
dt ' ; W 4 

—iff) +i(f)-M = 0 
dt ' ; w 4 

The solution for this differential equation is of the form 
i(t) = k 2 e- t/l 
Substituting we get 
1 3 -- 

- e~ t,x +-MV 1 = o 

z 4 

-- + -M = 0 
T 4 

4 

r = — |xs 


Wj AddA/iew Comments 
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Add/View Comments 


- f /V) 

Hence i[t)=K 3 e ^ ' A 

Using initial conditions i L = i L ^0 + ) = 5mA 

5m = k 2 
Therefore 


- t {U) 

i(t) = 5e ' ' mA 


Step 8 


Wj AddA/iew Comments 
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7.15 


Add/View Comments 


The given circuit is. 


2k 



Step 1: i 0 (t) is of the form K 1 + K 2 e 1 . 

> Step 2 


'•ij AddA/iew Comments 


Step 2: At t = 0-, circuit is as shown is Fig (b), the circuit is in steady state prior to time 
t — 0 therefore the inductor acts as short circuit, 

b 




—i m —1 



4 2k 

6 k 3 

: \ 

T(o-) ? 


' OA 



0 ,2V Fig (b) 


www.zeallsoft.conr 


Wj AddA/iew Comments 


The initial current through the inductor is calculated from the above circuit as, 
7 Vfc - OV, Therefore current in 6kG is OA 
12 

h (0 -) = 6 mA 


■ ix(0-) = ^ 
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AddA/iew Comments 


Step 3: Fig (c) is the new circuit valid only at t - 0+, 



6k 

4(0+) 




—m —• 

2 k 

6 mA 


Fig <c) 


Wj AddA/iew Comments 


The value of the current source that replaces the inductor is, 
h (0 - ) ~ h (0 +) 
h (0 +) = 6mA 
Hence, z 0 (0 +) = -6mA 

> Step 6 Wj AddA/iew Comments 

Step 4: The equivalent circuit, valid for t > 5r, is shown in Fig (d) 


6kQ 



Fig (d) 


z 0 (oo) — 0 mA 


myU ET 


Connecting UETians Together 
www.myUET.net.tc 
Online Community of UETians 
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oitp / 


Wj Add/View Comments 


Step 5: The Thevenin equivalent resistance as seen into the open circuit terminals of 
the inductor. 


6k 



Fig (e) 


7.16 


> Step 8 Wj AddA/iew Comments 


Therefore the time constant is, 

2 


T = 


6 k 


T --ms 
3 



'<.• AddA/iew Comments 


Step 6: ^Tj = z 0 (oo) = 0 

^2 ~ ( 0 "0 — (°°) 

K 2 = -6mA 

W\ 

• 'mA 

z 0 (0 = -6e -3000f mA 


www. myUET . net. tc 


Page 40 















Sirnffil pfoT^Mfe?^ ^ b v David lrwin 

www.myUET.net.tc | We Feel Your Feelings | 



www.zeallsoft.conr 


AddA/iew Comments 


Stepl. ! 0 (i) is of the form e~ tfl 

Step2. The initial voltage across the capacitor f^O”) at t = 0“is calculated from the 
circuit. 


zkn 


4kO 


> Step 2 



By Voltage division 

F r c (0~) = 12x ( 4k + 6k ) 

^ } (2k + 4k + 6k) 

v c [o~) = vn 


Vj AddA/iew Comments 


Step 3. The new circuit for t - 0 + is 

2kQ 


4kfl 


,(<r) 



m-l 

i 0 (0 + )= 2.5mA 
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'•<..• Add/View Comments 


Step 4. The equivalent circuit valid for t > 5r 


2kQ 4kH *o(®) 

I -WA-*-AWA->— 

12 V 



Step 6 


(oo) = 


12 


2k + 4k 


i 0 (oo) = 2mA 

m 


AddA/iew Comments 


AddA/iew Comments 


Step 5. The Thevenin equivalent resistance, obtained by looking into the open circuit 
terminals of the capacitor. 


2kQ 4kU 


-Wrt— 



ITT 


> Step 8 

2kx4k 




2k+4k 


= -k Q 

6 

4 

FL = -kQ 
3 

Therefore, the circuit time constant is 

= '^kj (200x10^) 

t = 0.267s 


AddA/iew Comments 


www. myUET . net. tc 


Page 42 




























Sirnffii pfoT^Mfe?^ ^ by David lrwin 

www.myUET.net.tc | We Feel Your Feelings | a 


7.17 



AddA/iew Comments 


Step 6. .fcj =j 0 (oo) 

= 2mA 

k 2 = h ( 0+ )-*oC m ) 
= 2-5-2 
k 2 = 0.5mA 

Therefore the solution is 

! 0 ( 7 ) = 2 + 0.5e -f/0;27 mA 


www.zeallsoft.com 


yTTOpT" '<) Add/View Comments 


The given circuit is. 



Fig (a) 


Step 1: ! 0 (t) is of the form K 1 + K 2 s 1 . 

> Step2 Wj Add/View Comments 

Step 2: At £ = 0-, circuit is as shown is Fig (b), the circuit is in steady state prior to time 
£ = 0 therefore the inductor acts as short circuit. 


4£1 



4Q 





fig (h) 


Fig (c) 
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f t/ 


■<, AddA/iew Comments 


12Q and 6Q are in parallel, hence replaced as in Fig (c) 


R 


eq 


12 x6 
12 + 6 


R eq = 4Q 

The initial current through the inductor is calculated from Fig (c), 


h ) 
ir(°-) 


= 6x 


4 

4 + 4 


= 3 A 


> Step 4 


AddA/iew Comments 


Step 3: Fig (d) is the new circuit valid only at t - 0+, 


4Q 



Fig (d) 
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OLCp $ 


Wj AddA/iew Comments 


The value of the current source that replaces the inductor is, 
h (0 - ) = h (0 + ) 
h (0 +) = 3A 
Hence, i 0 (0 +) = -3A 


> Step 6 


AddA/iew Comments 


Step 4: The equivalent circuit, valid for t > 5t, is shown in Fig (e) 


6£1 



+ 

OV 


i„ (oo) = 0 A 


Fig (e) 
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Qj Add/View Comments 


Step 5: The Thevenin equivalent resistance as seen into the open circuit terminals of 
the inductor 


6k 



r, 


rh 


Fig 


(f) 


= 6 +4 
^ = 100 

> Step 8 Q? AddA/iew Comments 

Therefore the time constant is, 

L 

T= - 

R-Tli 

T ~ 10 
T = 0.1s 


www.zeallsoft.com 


AddA/iew Comments 


Step 6: K 1 =i 0 (oo) 

£i = 0 

^2 = *0 ( 0 4 ") — *0 (°°) 
K 2 = -3A 

_ t_ 

: 0 (£) = —3e 01 A 
i 0 (t) = -3s~ m A 
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7.18 



'*U Add/View Comments 


> Step 1 

Step 1: i 0 (^) is of the form e _f/l 

> Step 2 ^d, 1 Add/View Comments 

Step 2: The initial current through the inductor is obtained form the circuit at t = 0“ 


= 4A 


6 £2 



24 V 
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' OLCJJ ,-S 

Step 3: The new valid circuit for £ = 0 + is 


i D (0*) = ^IA 

> Step 4 

Step 4: The equivalent circuit for t > 5t 



0 ■ 

Wj AddA/iew Comments 



4A 



'bj Add/View Comments 


i 0 (oo) = OA 
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7 19 

■ Wj AddA/iew Comments 

Stepl. i 0 (^) is of the form k l +k 2 e^ tlz ' 

Step 2. The initial voltage across the capacitor is calculated from 
t = 0“ The current is 


> Step 2 




Wj AddA/iew Comments 


Since the capacitor acts as a open circuit, there is no current through 12kQ 
Therefore the voltage across capacitor is the voltage across 6kQ 

■ _no * 12k 

l6hn ( m (12k + 6k) 

= 12x — 

3 

= 8mA 

V 6kn = (6k) (8m) 

= 43V 

Hence ^(O") = 48V 
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AddA/iew Comments 


Step3. The new circuit valid for t = 0 + is 


48 V 



> Step 4 1 <L) AddA/iew Comments 

Therefore 

! °f° ) _ (6k + 12k) 

_ 48 
~~ 18k 

! o( 0+ ) = ^ mA 



M 

1- 


We Feel Your Feelings 


www.myUET.r 

let.tc 



www. myUET . net. tc 


Page 50 




























Step 4. The equivalent circuit, valid for t > 5 t 

I-o o 



Since there is no source 
(oo) = OmA 


> Step 6 


Wj Add/View Comments 


Step 5. The Thevenin equivalent resistance, obtained by looking into the open circuit 
terminals of the capacitor. 
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AddA/iew Comments 


R* = 12k+ 6k 
Rx = 18kQ 

Therefore, the circuit time constant is 
r=^C 

= 18x10 3 x200x10^ 

= 3.6s 

> Step 8 Add/View Comments 

Step 6. 

*i = i 0 (a) 

= OmA 

^2 “ *0 ) _ *0 (^) 

= 5-o 

3 

= - mA 
3 

Therefore the solution is 
i 0 (i) = 5 g _f/3<5 mA 
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AddA/iew Comments 


Stepl. i${t) is of the form of + k 2 e 


-tf i 


Step2. The initial voltage across the capacitor V c (0 J is calculated from 


12V 

e 


4k Q 


■f 


;4kn 


V A I 4kQ V <: (°‘ ) 


> Step 2 has been challenged - view comments for detail 

Since there is no current through 4£Q due to open circuit 
Hence ^ (0") = 

The voltage across 4kQ is by voltage division 
4k 


Wj AddA/iew Comments (1) 


V A = (12) 

= 6V 


,4k+4k 
Hence F^(0") = -6V 
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Wj Add/View Comments 


Step 3. The new valid circuit at t = 0 + is 


> Step 4 



Since 4k£> and 4kQ are in parallel 
_ 4kx4k 

* 4k + 4k 
= 2kQ 


12V 
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■ P j 


Wj AddA/iew Comments 


Writing KCL equation at the top node 

r-{-v) , v , r-H) _ 0 

2k 4k 4k 

r+12 P T+6 . 

-+— +-= 0 

2k 4k 4k 

2V+24 + V+V + 6 = 0 
4V =-30 

r==l=v 


Step 6 


Wj Add/View Comments 


Hence 




V_ 

4k 

-15 

2x4k 

8 
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! has been challenged - view comments for detail 
Step 4. The equivalent circuit for t > 5r 

12V 


Wj AddA/iew Comments (1 ) 


O 


4kQ 

-AViVV-O 


2kfl 


4k Q] 




(°°) = 


-12 
2k + 6k 


; 0 (oo) = -2mA 
> StepS 

Step 5. The Thevenin equivalent circuit is found by 


Wj AddA/iew Comments 


4kQ 

-’vVWV-O 



R 


th 
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i_? LC J. i 


Wj Add/View Comments 


= 4kQ + (2k||4k) 

= 4k +—k 
3 

IL = —kO 

3 

Therefore, the circuit time constant is 
T=B tk C 

= — x10 3 x 200x10^ 

3 

= 1.067s 


> Step 10 yj AddA/iew Comments 

Step 6. jfcj = z 0 (oo) 

= - 2mA 

k 2 = i o ( 0+ )-^ (°°) 

= 1^+2 
8 

= —mA 

8 

Therefore the solution is 
i 0 (t) = - 2+±e~ tilxJ mA 
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7-23 Wj Add/View Comments 

Step 1: fp (t) is of the form k l +k 2 e~ tl1 

> Step 2 Wj Add/View Comments 

Step 2: The initial current through the inductor i L is 
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-r o 


Wj AddA/iew Comments (1 ) 


Since AQ is in parallel with a short circuit. 






= 6 A 





Add/View Comments 


Step 3: The new valid circuit at t = 0 + is 


6A 
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Wj AddA/iew Comments 


Now by mesh analysis 
7 1 = 6A 

KVL in the second mesh gives 
U + 2I 2 +4(I 2 -I 1 ) + 2I 2 = 0 
8/ 2 - 24 +12 = 0 
S/ 3 = 12 



Hence T 0 (0*) = |x2 
T o (0*)=3V 


www.zeallsoft.com 


>i_p <-*_ p kj 


Wj AddA/iew Comments 


Step 4: The equivalent circuit for t > 5r 



> Step 7 Wj AddA/iew Comments 

Now by voltage division 

foo) = — 12 x —-— 

V ' 2 + 2 

= -12x- 
4 

V 0 (oo) = -6V 
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Add/view comments 


Step 5: The Thevenm equivalent resistance is found 

R, 



2Q 


> Step 9 Wj Add/View Comments 

^ =4||(2 + 2) 

-4 || 4 

= 2 Q 

Therefore circuit time constant is, 

_L_ 



2 

_ 1_ 

~ 6 

imiw-ijijw AddA/iew Comments 

Step 6: ^ = Vq (oo) 

= -6V 

= 3-(-6) 

= 9 V 

Therefore the solution is 

r 0 (£) = -6 + 9e- f/0167 V 
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^•^5 Wj AddA/iew Comments 

Step 1: is of the form k l +k :i e~ tl1 

> Step 2 Wj AddA/iew Comments 

Step 2: The initial current through the inductor i L is given by 

3“ 6T2 


> Step 3 

By current division 

f..\ , T 6+6 

^(0 )= 65 



4 + 6 + 6 


, 12 
= 6x — 

16 
9 
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Mj AddA/iew Comments 


Step 3: The new valid circuit at t = 0 + s 



> Steps 

We see that 3Q and 6Q are in parallel. R = 2Q 
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9 

Current through 6Q is, i 6n - 6 - — 

= -A 

2 

Hence H(o*) = (6)^|j 
^„(0 4 )=9V 
> Step 7 

Step 4: The equivalent circuit for t > 5r 


Wj AddA/iew Comments 


AddA/iew Comments 
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Wj Add/View Comments 


Since resistors 30 and 60 are in parallel, £= 20 



> Step y 

Current through 60 by current division 

i = fil—-— 

L 6 + 2 +4. 

= 3A 

Therefore f^(oo) = 6(3) 

F 0 (oq) = 18V 


www.zeallsoft.conr 


Vj Add/View Comments 


Step 5: The thevenm equivalent resistance for the circuit 



•-mtfv i 

3il 

&q 

40 

™th ( 

? 


6ft 



ll 


m 


] u 
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r 



yj Add/View Comments 


^ =4 + 6 + (3||6) 

„ ^ (3x6) 

=4+6+ - 

{3 + 6) 

Rfa — 4 + 6 + 2 

= 12Q 

Therefore circuit time constant is 

L_ 

2 

12 
1 


T- 


T — 0.167s 


Step 6: /tj = V 0 (oo) 

= 18V 

= 9-18 
= -9V 

Therefore the solution is 
_ ? 

F r 0 Ci) = 18-9e"°- W7 V 
r 0 (i) = 18-9e-* V 


Wj AddMew Comments 
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Add/View Comments 


At t = 0" 

2k cj 



r t (<r) = 24 v 

^(0 + ) = 24 V 
At f = 0 + 


2k O 
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Wj AddA/iew Comments 


By applying KVLto the loop (1) 

2Kij + 24 + 4K!! - 4Ez 2 + 4Ki x - 24 = 0 

=> lOKij - 4Ez 2 = 0 -»(1) 

By applying EVL to loop (2) 

2Kz 2 + 12 + 4Kz 2 - 4Ki 2 - 24 = 0 

=> 4Kz 1 -6Kz 2 = 12 —>(2) 

By solving equation (1) & (2) we get 
ij = 1.1mA, 

z 2 = 2.727 mA, 

^(o*) = - i i x4K 

- 1.1m X 4K 
E 0 (0 + ) = - 4.4 V 
At t = oo 

— 



P r oC oa ) = ° 

To find 73^ 

2 k 
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jjlVgsu has been challenged - view comments for detail 


Add/View Comments fl) 


7.27 


4KQ || 2KQ 
= 1.333 EQ 

2KQ, 1.333 KQ and 4KQ are in series 
:. ^ = 7.333KQ 

= 7.333 K x 50|J, 

=> T = 0.3667 sec 


V. (0 = r. (“) + V. ( 0 -) - V, (n) , T V 


-t 

V e (£) = 4Ae* xsr V 


Ans. 


Wj Add/View Comments 


Step 1. t^(7) is of the form + 

> Step 2 Add/View Comments 

Step 2. The initial voltage across the capacitor at t = 0" is calculated from 

circuit. 


> Step 3 


4kn 4kO F t .(o ) 



2kii 


AddA/iew Comments 


The voltage across 4kO is, 
4k 

V Akn =24x- 

4k + 4k + 4k 

= 8V 

Hence ^((T) = ^ 

^(0-) = 8V 
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Step 3. The new valid circuit for t - 0 + is 


4kQ 


> Steps 

F 0 (0 + ) by voltage division 


2k N 


v 2k + (4k||4k) 
( 2k ^ 


.2k + 2k, 


= (-8) l 

T o (0*) = -4V 


www.zeallsoft.conr 


Step 4. The equivalent circuit for £> 5z 

4kQ 



Add/View Comments 





Wj Add/View Comments 


Wj Add/View Comments 


--wwv—— 

—T-o 

O — 



|4kQ 


2kQ % 


-o -h 


VM) 


-o - 


V 0 (oo) = OV 

> Step 7 Add/View Comments 

Step 5. The thevenin equivalent resistance is calculated from 



2k£2 
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! J 


R* = 2k + (4k||4k) 

= 2k + 2k 
= 4kQ 

Therefore, the circuit time constant is 
r=^C 

= (4xl0 3 ) (200x10^) 

T= 0.8s 

> Step 9 '<,• Add/View Comments 

Step 6. = V 0 (oo) 

= 0V 

= -4-0 
= -4V 

Therefore the solution is 
V 0 (t) = - 4e" f '°* V 
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r <LJ Add/View Comments 


Stepl. ! 0 (^)is of the form k 1 +k 2 e f/l 

» Step 2 Wj Add/View Comments 


Step2. The initial voltage across the capacitor V c (0 ) at t = 0 is calculated from the 
circuit. 


4k£2 4kO V, (0 ) 



2kU 


> Step 3 


Add/View Comments 


Since there is a open circuit due to capacitor, no current flows through the 2kQ and 
hence the voltage across the capacitors is same as the voltage across 4£Q 
By voltage division, 

F^fO") = 24 x --—-- 

cy - i (4k+4k+4k) 

^(0-) = 8V 
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Wj AddA/iew Comments 


Step3. The new circuit valid fromt = 0 + is 


> Steps 



Modified as. 
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The total current I is given by 

/. 8 


2k + (4||4)k 

8 

" (2 + 2k) 

= 2mA 

By current division 
4k 


i 0 (0 + J — 2m i 


4k + 4k 


z 0 (0 + 1mA 

> Step 7 

Step 4. The equivalent circuit for t > 5r 



Wj AddA/iew Comments 


AddA/iew Comments 



2kn 


; 0 (oo) = OmA 
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AddA/iew Comments 


Step 5. The Thevenin equivalent resistance is obtained from 


4k£i 

-■wwv 





> Step 9 

Ra = 2k + 4k||4k 
= 2k + 2k 
^ - 4kO 

Therefore the circuit time constant is, 

= (4xl0 3 )(200xl0" fi ) 

t- 0.8s 


www.zeallsoft.com 


ulL f 

Step 6. jtj = z 0 (oo) 

= OmA 

i a= i o( 0+ )- i o (°°) 
= 1-0 
= 1mA 

Therefore the solution is, 
z 0 (t) = k“ J/M mA 


<; AddA/iew Comments 


Vj AddA/iew Comments 
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729 ^ AddA/iew Comments 


Step 1: V 0 (t) is of the form + 1 

> Step 2 AddA/iew Comments 

Step 2: The initial voltage across the capacitor is obtained from the circuit. 



Redrawing the circuit carefully 

4kn 



> Step 4 

Therefore by voltage division 

p- (cr) = -12x. 4k 

u V / 


= -12x— 
^ c (0-) = -6V 


4k + 4k 
4 


Wj AddA/iew Comments 
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'</ Add/View Comments 


Step 3: the new valid circuit at t = 0 + is 


Therefore f;(0 + )=6V 



-6V 


> Step 6 


'</ Add/View Comments 


Step 4: The equivalent circuit for t > 5r 



-- 0 

| 4kii \ 

Uk£i 



SkQ 

u 



Therefore V 0 (oo) = OV 
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-K f 


Wj Add/View Comments 


Step 5: The Thevenin equivalent resistance is obtained by 



> Step 8 Vj Add/View Comments 

Rt = 4£||(4£+8£) 

= 4jt||(l2fc) 

_ 4kx.\2k 

~ 4k+\7k 
_ 42k 

~ 1 ?" 

= 3 kO 
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- k y 



Qj Add/View Comments 


Therefore circuit time constant is 
T=S* C 

= (3x10 s ) (50x10^) 

= 0.15s 


> Step 10 Wj AddA/iew Comments 

Step 6: jfcj = F 0 (oo) 

= 0V 

^ = ^( 0 0- r o(°°) 

= 6-0 
= 6V 

Therefore the solution is 

_ t_ 

V 0 (t) = 6e~ 015 V 
V 0 (t) = 6e~* m V 


7.31 1 <L) AddA/iew Comments 

Step 1. ![, {t ) is of the form + 

Step 2. The initial voltage across the capacitor t^O - ) is obtained from the circuit. 
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Wj AddA/iew Comments 


The Circuit can be drawn as 


> Step 3 

By voltage division 
6k 


Vc 1 (6k+6k) 

r c (0-) = 6V 
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H “"t 


Wj Add/View Comments 


Step 3. The new valid circuit for t - 0 + is 


> Steps 



The circuit can be drawn as 
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WJ Add/View Comments 


By i 0 (0 + ) = 


-6 


6k + 6k 
-6 


12k 


%(0>-ImA 


> Step 7 

Step 4. The equivalent circuit for t > 5t 


Wj AddA/iew Comments 



i 0 (ho) = OmA 
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AddA/iew Comments 


Step 5. The Thevenin equivalent can be found by 


6kQ 



> Step 9 

- (6k||(6k+6)) 

= (6k||12k) 

*. = ^1 

* 6+12 

= 4kQ 

Therefore, the circuit time constant is 
t=R^C 

= 4x10 3 x 50x10^ 

= 0.2s 


www.zeallsoft.conr 


Step 6. jfcj = z 0 (oo) 

= OmA 

^ = io( 0+ H(°°) 

= -I-0 

2 

= -- mA 

2 

Hence the solution is 


W) =~2 e 


mA 


AddA/iew Comments 


Wj AddA/iew Comments 
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7.32 


Vj AddA/iew Comments 


Step 1: i 0 (t) is of the form k l + k 2 e~ tfl 

> Step 2 yj AddA/iew Comments 

Step 2: the initial voltage across the capacitor is found by 


> Step 3 



By voltage division 


f ^(0-)=12 

r c (o-)=4v 


2k 


2k + 2k + 2k 
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Wj AddA/iew Comments 


Step 3: The new valid circuit at t = 0 + is 



2kQ 
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Wj Add/View Comments 


Since the resistor 2kQ and 2kQ are in series and this combination in parallel with 4kQ 
^=(2k + 2k)||4k 
= 4k||4k 
= 2kQ 

> Step 6 '’*U AddA/iew Comments 


V 
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'<,■ AddA/iew Comments 


Writing KCL equation at the top node, 

P-12 V V-A . 

-+— +-= 0 

2k 2k 2k 

3 V -16 = 0 
3 


j 0 (o + ) = 


V 

2k 

(£ 

2k 

8 


*o( 0+ ) = ~ mA 


> Step s 

Step 4: The equivalent circuit for t > 5t 


^ Add/View Comments 



2kQ 


www.zeallsoft.conr 


Add/View Comments 


i 0 (oo) = 


12 


2k + (4k||(2k + 2k)) 

12 


2k (4k || 4k) 

12 


2k + 2k 
j 0 (oo) = 3mA 

> Step io 


Wj AddA/iew Comments 


Step 5: The Thevenin equivalent resistance can be found by looking into the open 
circulated terminals of the capacitor 
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i_? ic jj 11 


Vj AddA/iew Comments 



2 k n 


> Step 12 

Rt= 2k + {2k| | [ 4k| | (2k+2k) ]} 

= 2k+{ 2k|| [4k||4k]} 

= 2k + {2k| 12k} 

= 2k + lk 
= 3kO 

Therefore, the circuit time constant is 
r=^C 

= (3x10 3 )(200x10^) 
t- 0.6s 


www.zeallsoft.com 


ULL V 

Step 6: = i 0 (oo) 

= 3mA 

^2 = h (° ) - *o (™) 

.1-3 

3 

1 . 

- - mA 

3 

Therefore the solution is 
i 0 (t) = 3 — 1 e~ mA mA 


^ AddA/iew Comments 


Wj AddA/iew Comments 
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Wj AddA/iew Comments 

Step 1: fp (t) is of the form k 1 +k 2 e~ t/l 

> Step 2 Wj AddA/iew Comments 

Step 2: The initial voltage across the capacitor is obtained from the circuit. 



6kn 


Wj AddA/iew Comments 


Redrawing the circuit carefully 



Step 4 


Therefore by voltage division 

r c (0-) = -12: 6k 


x- 


6k + 6k 


= - 12x — 
12 


^ c (0-)=-6V 


AddA/iew Comments 



m 

i- 


Give Suggestions at: 


www.myUET.i 

let.tc 
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AddA/iew Comments 


Step 3: the new valid circuit at t = 0 + is 



> Step 6 Wj Add/View Comments 

The circuit can be redrawn as 


6kU 



K (o') 
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Wj Add/View Comments 
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By voltage division 


^«l = -6 

= -6 


6k 


6k + (6k||6k) 
6k 


6k + 3k 


= -6 - 

Ls 

^ 0 (o + )=^v 

> Step 8 

Step 4: The equivalent circuit for t > 5t 


Wj AddA/iew Comments 



V 0 (oo) = OV 
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Step 5: The Thevenin equivalent resistance is obtained by 



6k£l 


> Step l{> AddA/iew Comments 

The circuit can be redrawn as. 



6kO 


myU ET 
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Add/View Comments 


^ = 6 ||( 6 +( 6 || 6 )) 

= 61 | ( 6 + 3 ) 

= 61| 9 
_ 6x9 

“ 6+9 
_ 6x9 

“ TT 

1R 

IL = — kO 
* 5 

> Step 12 R? Ad d/Vi e w C o m m e nts 

Therefore circuit time constant is 
t=Rx C 

= r y xl ° 3 j (50xio^) 

= 0.180s 

timmm ^ Add/View Comments 


Step 6: /tj = V 0 (oo) 

= 0V 

= -4-0 
= -4V 

Therefore the solution is 
V a (£) = -4T*' 018 V 
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7.34 



Add/View Comments 


Step 1: i 0 (^) is in the form A^ + Ar-je f/l 

> Step 2 Wj Add/View Comments 


Step 2: The initial voltage across the capacitor can be found by 


4tnA 
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Vj AddA/iew Comments 


Resistor 4kQ , 2kQ are in series and this in parallel with 12kQ 
^ =12k||(4k + 2k) 

= 12k||6k 
_ 12x6 
~ 12 + 6 


^ = 4kO 

By current division. 


I 


(4m) 


4k 

4k+2k+2k 


1 = 2mA 

And hence KVL across the loop 


(2m)(2k) + P r c (0") + (2k)(4m) + 4 = 0 
4+^(0")+ 8 + 4 = 0 

r„(o-)=-isv 


Wj AddA/iew Comments 


Step 3: The new valid circuit for £ = Q + is 


> Steps 


4mA 



In the closed loop BADC applying KVL 
-(-16) + 2k (0 + ) = 0 


i 0 (0 + J — -8mA 
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Step 4: The equivalent circuit for t >5 t 


4mA 


> Step 7 

j 0 (oo) = (-4m) 


4k 


4k + 4k 



l -^!j Add/View Comments 


4kQ 

Mi j-i ■ ■ i. jL i 

-- 

2kf> 

■ jU .1 A _ _J 

►-^wWv ’ 

1 vv V 1 


I 2kO ] 

l 12ka ; 

bka 



r hi™) 


2kH 



AddA/iew Comments 


i 0 (oo) = -2mA 

Since the resistors 4k, 2k are in series and this in parallel with 12kQ. 
^ =12k||(4k + 2k) 

= 12k||6k 


^ = 4kQ 
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'<,■ Add/View Comments 


Step 5: The Thevenin resistance can be found by 


> Step 9 



= {[(4k + 2k) || 12k] + 2k} || 2k 

= {[6k||12k] + 2k| || 2k 

= {4fc||2fc} || 2k 
= 6k||2k 


6x2 , 

-k 

6 + 2 



= -kQ 
2 
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Wj Add/View Comments 


Therefore, the circuit time constant is 

C 

= — xlO 3 xlOOx 10 -6 
2 

T- 0.15s 

> Step li Oj AddA/iew Comments 

Step 6: ^ = ! 0 (oo) 

= -2mA 

= *o ) _ *o (°°) 

= -8 + 2 
= - 6 mA 

Therefore the solution is 
[t ) = - 2 - 6e _fAUJ mA 
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7.35 Wj AddA/iew Comments 

Step 1: is of the form k l +k 2 s~ t/z 

> Step 2 ^ AddA/iew Comments 

Step 2: The initial current through the inductor i £ is found by 



> Step 3 Add/View Comments 

Observe carefully, we see that the voltage across each element is the same i.e. 12V, due 
to the short circulated inductor KCL at the top node gives. 

_ 12 12 

~ T T 

= 6 + 6 

h (0~) = 12A 



JUll 

1 - 

1 

Give Suggestions at: 


www.myUET.r 
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H has been challenged - view comments for detail 
Step 3: The new valid circuit at t = 0 + 


Wj AddA/iew Comments (1) 



> Step 5 Ad dA/iew Comments 

This circuit can be redrawn as 


www.zeallsoft.conr 



Ad dA/iew Comments 


By current division, current through 2Q is 

2 

i = 12x —2— 

2+2 

= 6A 

Therefore (0 + ) = (6) (2) 

r„(o*)=i2v 



www. myUET . net. tc 


Page 99 




































sirnffii pfor^Mfe?^ ^ by David lrwin 

www.myUET.net.tc | We Feel Your Feelings | 




www.zeallsoft.conr 



JLCp / 


Add/View Comments 


Step 4: The equivalent circuit at t-5z 



V 0 (oo) = OV 


www.zeallsoft.com 


UIU K ^ 

Step 5: The thevemn equivalent resistance is found by 


Wj AddA/iew Comments 



> Step 9 AddA/iew Comments 

This circuit is redrawn as 



20 
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L - JL1 -P l lt -' 


Add/View Comments 


=(6||3) + (2|| 2) 

= 2+1 
^tk = 30 

Therefore circuit time constant is 

_ L_ 

_ 2 
~ 3 

t = 0.67 s 

> Step ll Add/View Comments 

Step 6: ifcj = V 0 (oo) 

= 0 

*b = H(o*)-W 
= 12-0 
= 12 

Therefore the solution is 

V 0 (T) = 12e- f ' 0 * 7 V 
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F z> 


Step 5: The Thevemn equivalent resistance is obtained from 


6£1 



K h 


^ = 6Q 

> Step 6 '<-• Add/View Comments 

Therefore the circuit time constant is, 

_L_ 

r “^ 

_ 2 

~ 6 
1 

= -s 
3 

= 0.33s 
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8.6 Calculate the current in the resistor in Fig. P8.6 if the 
voltage input is 


(a) Vi(t) = 10 cos (377 1 + 180 ) V. 

(b) v 2 (r) = 12 sin (377f + 45 ) V. 

Give the answers in both the time and frequency 
domains. 

m 


v(t) 

O— 

Figure P8.6 




Downbad any solution manual for free 
All Departments, All Subjects 
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SOLUTION: 


Mi) 


+ 


V(*) 


i IJL 


CREATE YOUR OWN WEB 
PAGE 

VISIT 

www.mvUET.net.tc 


(a) v,«) = iocoi (iiit +i?o°) v 

id) = 1 q_ cot (mt -i i?o° 

z 

iU)- Sec- (Wt+ <*>')* >' A 

f = 5 < 1*0° A 

( b) Vitl) = 12 s i n ( 317* + 45°) V 

'Vi(t) ~ ltcos(mi-^5°)V 
L ( X ) = 6eos f 371X - W5°) A 
f = 6<-H5°A 
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Problem 8.6 
















Irwin, Basic Engineering Circuit Analysis, 9/E 1 

Simp o PDF Merge and Sp lit Unreg i s t ered Vers i on - http : //www.s i mpopdf.com - 


8.7 Calculate the current in the capacitor shown in Fig. P8.7 
if the voltage input is 

(a) i>,(f) = 10 cos (377f - 30 ) V 

(b) i> 2 (f) = 5 sin (377r + 60’) V 

Give the answers in both the time and frequency domains. 



JiF 


Figure P 8.7 


Downbad any solution manual for free 
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SOLUTION: 


Mt) 


i- 


V(t) 


c= 


(&) locos (ill*- 3o°)V 


Uit) - 

r 


L d± 


- -$110 siy> ( nn - 

cut 

(ixto' 6 ) (-2170 sir, (mi - 

Jl(*-) ~ 

diu) - 

-i-11 Sir, ( IHi -10°) mb 

a(t) - 

3-77 ii-n ( 377 i + 150°) mb 
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Problem 8.7 
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j( t) - 2-11 Cos ( 311 £ t£o°) wA 

I = 3 17 Z 6o° 

(b) V 2 (i) = 5sin (illi +60*') V 

Via)- 5cos (im -3o°) v 
j)a)- /• dwa) 

oU 

dv, a) - -im Si-n (in* -10°) 

out 

jY*) - flXlo'*J (-MS Sin p71i -3o°)) 
a(*) = -I tq sin (m* -30°) WA 
u'/7) - l-S’q S.vi ( 311 *-f 1 5tfl-rnb 
vi(Jt)- /■?<? coi (111i-iia°) mnh 

f = I y9 z. 6o° mA 

Download any solution manual for free 
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Figure P8.11 
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SOLUTION: 



2 = C-ji'U'iD I <2 



Z - (2Z96 e ) (2 L£j 

ltqa° -f i-Lo* 


2 - !• q i w £4 5°_/2. 
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8.12 Find the impedance, Z. shown in Fig. P8.12 at a 
frequency of 60 Hz. 



Figure P8.12 


SOLUTION: 


10 mH 2 n 



10 piF 


2 l- ~ j 3 - 17 - 0 . 

2 C r _[_ - ~j 2G5- 2 5 

jYg77;C(OAl) 


j 2'7 7-H- 2-77- 



-J 2^5- 


j 3.77 


25-0 
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Problem 8.12 
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l Clz -fj3-77 

l-t 2-/265*75 

2 - I "I" j ]>'ll -Q- 
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Request a solution Now 
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8.25 Find the frequency at which the circuit shown in 
Fig. P8.25 is purely resistive. 



Figure P8.25 


SOLUTION: 



2 = 


= 


I f_L 
£ 


-t 


2c 


_I_ - \aJC 

IaJL 

r J_ ~ \ — = ^7 2) *adL/£ 

JlC JSm (irn) 


F- _LO_ = WW7- 2/ 
2_K- '2.JL 

F= *7/* 2 Hz. 
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8.29 Draw the frequency-domain network and calculate i(t) 
in the circuit shown in Fig. P8.29 if v s (t) is 15 sin 
< 10000/) V. Also, using a phasor diagram, show that 
*>c(0 + v rt(t) = v s (t). 



Figure P8.29 


SOLUTION: 


Vc 



2 C - -jN U-CL 

s 

V s (i) - 15 s;n/ooo* V 
V/yf t) - <5cai ( lOOQi- 9o‘) V 

\l s = 15 ^?0°V 

J = 15 Zr*? Q ° , 
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Problem 8.29 
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X — 0-6 A 

u(tj- o 6 COi (lOOO* A 

Vf = (0'6 Lr52 ^°) f-jlM'03) 
Vc = ?'<H ZrlM3 -26° V 
V, - fo-6 53 2.0 ( 10 ) 
V R = 12 -Zr 5 3 - 2 - 6 “ V 



Problem 8.29 
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8.33 If i'j(r) = 20 cos 5/ volts, find t) 0 (f) in the network in 
Fig. P8.33. 


3 « 0.5 H 



Figure P8.33 


SOLUTION: 


2li - j s (o-5) = j 2 - 5 -a 
2u= j(5K0= j5Sl 

2c - _1_ — -j /O-O. 

jC5)(0 04.) 


^o* 



*1 = 


- j 10 ( 10 ) 

1 — 10-jlO J 


" j 5- 


2 = !• 07 / + W5°_TL 


Chapter 8: AC Steady-State Analysis 


Problem 8.33 



























2 


Irwin, Basic Engineering Circuit Analysis, 9/E 

Sim po PDF M e rg e and Sp li t Unreg i stered Vers i on - h tt p : //www.s i mpopd f .com - 


V 0 = 


/ 7-07 L ±Wg 

v 707 L+^5°+2+jl S 

/i-q z i s > 5°v 



\J 0 {X) = 12 q Coa ( t>* ■+ 1 ^5°J v 
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Problem 8.33 
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' 8.35 Find v(t) in die network in Fig. P8.35. 


2 n 0.2 h 



SOLUTION: 


2 l = jUo)(o x)~ jH-n- 

Z c = —!- = -j 2 ' 5-0- 

J(*Q)Co-oi-) 


“WV~ 


2.JL 


rrrv~L. 


m-a 




© 


J 


-j 2 - 5 J 1 


I 


V 


(t) za5°A 


jH-Q- j\ 

f 


t 

—j 2’5J2— 

( 




(mz/s 0 * 


i' \ (x<is°) 

U+j-Vji-sJ V 
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v'= ( (-J 2 '5) 

V'- L - Stf-wi 0 V 



V" - X4-L-IU 81° V 


v = V - ' -y\l" - 8 94^- yf-UT,°t24-l-l26-S’i 
V = 4 ?- 34-Z- lo3'l° V 

v(*) = 21-24- - £ *^(* s °fc -' o8, 0 V ' 


Problem 8.35 
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8.38 Find i'i(f) and 12 (f) in the circuit in Fig. P8.38. 


0.01 F 



20 cos 25fV 


Figure P8.38 


SOLUTION: 


ZL| - j(25)($0rv\) -j2-0_ 

2li= m) =j5 jl 

2 c = I — - -j 



5 o 




20 Lcf\J 
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= £ 20 _ * l'56 l_-is. 66 A 

(jz \ l-j4)+5 

il = 

v -J^+j X J \ 

= 3*11 


50 \§1 


AW—<■ 



j ?j>- (T) 20 LoV 


J " = Jc>lo° = 510 b 


Kcl «t 


+ ~^3~ U 

3- 

% 

+ 1 . 

%- v, 

) x 

5 

-jf 

lo v] 

+ J4-V, = 

- 5 V x r€ 

(5"t ]4j V, 

*0 




V 

^ '*7 

so Ip) 


S >j 4- 
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v, = 15 €2 Ll<^l-3U° V 

f " = J5-GJ L IWI' 

jl jl 

J 1 " = 1 81 L 5>3V°A 

f, ~ 1/ + i," = Oi5£0° 

T, - JlO° A 

u,(t) - 5cos25i-A 

1^ = TJ ■+ =3-1-2 £- l r-66°-H'XI /.SI 34" 


I x = P’35 L 3 3 1 0 A 

Ui(t) = 9-2 5 00^(2 5^^33 1°) A 
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8.39 Find v 0 (t) and i 0 (t) in the network in Fie. P8.39. 


»o(0 


25 cos20/ V 


Figure P8.39 



5 n < v 0 (t) 


SOLUTION: 


j(io)Co H) -jS-a 

I _ = -j 2 6-0- 


? c, = 


J 


i ( 20 ) 0 02 ) 



X = 1SLQ C 
5-J5 


- Z- 5W L W5°A 




= ( 3 ' 50 f X M5°) ( 5 ) 


v„ - n-6S M° v 


V 0 (i) - 11.69 


0^(201 4 *-0°) V 


T, = ^5Z.0° = 5ZO°A 

5 

T = 0( 5^5)11-P'S] 10*11? 
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Problem 8.39 
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z 


e 





7 




f 5-j5X-j2-5)l II j 8 Ilf 
— 

( L -J$ l° /IjO 115 " 

2 51 L- 15-or 115 

2-ox L - 5l-V°-<2- 


J s - -25/0° = 12 0-!/. 5>H° A 

l-oiL-51'H” 


Kct ; - I, + Jo 

lo = - I, 

= 12 01 Z 51-0° - 5/0° 

3 0 = 9-71 Z75-/ ° A 
J 0 (t) - 9-n Coi /70*4 75-1°) A 


Problem 8.39 


Chapter 8: AC Steady-State Analysis 







Irwin, Basic Engineering Circuit Analysis, 9/E 1 

Sim po PDT Me r ge and Sp li t Unreg i stered Ve r s i on - http : //www.s i mpopdf.com - 

8.43 Find the voltage V shown in Fig. P8.43. 

1 n 



Figure P8.43 


SOLUTION: 


La 




v = lo ll 645° v 
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8.45 Find the frequency-domain current I. as shown in Fig. 

P8.45. 



Figure P8.45 


SOLUTION: 



-j6o-n. 
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8.46 Find the frequency-domain voltage V„, as shown in Fig. 

P8.46. 



Figure P8.46 


SOLUTION: 




2 = Jill -j5 = jl (~j5) 

-j 5 +J1- 




H! £90° Jl 

( I 1 \ £qo° \( 0-5 £15“) 
\ 3-}3£<?o“ -fio / V 


To - 0-155 £ 94. 5 s 0 A 

V 0 - /o ( 0’'5i £ 96-5/) 

Vo - (■ 55 £‘?6'5'S’ V 
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8.50 Find the frequency-domain voltage V 0 , as shown in 
Fig. P8.50. 



Figure P8.50 


V 0 


SOLUTION: 

in lo 



r Q = L 'J ) ( 5Zio°) 

\ l5"t t-j 1 ' 1 / 
ic = 315 I6i-n ^ 

V 6 = (Z15L 6 6 n a ) C-jlZ) 

V 0 = z -2313“ V 
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8.54 Given the network in Fig. P8.54. determine the valve of 
V 0 if V, = 24/O^V. 


2X1 /2X1 



SOLUTION: 



2H 
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V 0 C 

( - j ' — ) ( 2 .MZ 0 0 ) 


\ i-j 1 ' 

^Oc ~ 

loll Z.-6 3- 43° V 



Chapter 8: AC Steady-State Analysis 


Problem 8.54 





























2 Irwin, Basic Engineering Circuit Analysis, 9/E 

Simp o PDF M e rg e and Sp li t Unr e g i stered Vers i on - http : //www.s i mpopdf.com - 


Z TH = 211-Jl ~ 1 (-■>') 

2-jl 

- O'S^ n. 

j2-a 

- F^th) 

to73 




1 


>4-) -) 4- r\.VQ/-C*> 2 


_) (la-12 Z-63'V3°) 


Vo - ?Z~9o-l°V 



.*nyUEr.i, 

% 
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8.62 In the network in Fig. P8.62 I 0 = 4 /0° A, find I*. 



SOLUTION: 



V^-V; — ^1 — V|—Vi_^ 

I “7T '^Ji 

j I ( Vi- V, ) ' V /“ Vj " V l + 

- j | \7, ■+ j ) V^ + V3 — = 0 
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Problem 8.62 
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KCL Get © 

i I, +llQ° - 

1* 


v a -m 

+ 1L0° - 



1 


/ 


1 

l> 

*+• 1 L o° ~ - 

V,. 



2 ^ - 1L 0° 



kCL Cub 

© '• %+Iu 

— 

To 


Viy 4 V;- Vcy 


©a. 

J 

ii / 


/ 

V,-V*, 

'jl ( V r v H J 

— - 

■ J' V w 

v, - j 

IV } + (- i-fji) 

V L 


- 

■1(^1 LQ°) = 

W^CfV 

V, 4 

(-1 + J 1) V 4 

— 

/2^ qO° 

v, ■= 

/2_Z_ 4 o” - <-KLO° 

(-I+JV 

Vi 

: 56 6 Z ^5° 

V 



v, - - iLo° 
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Vj. - 5-6^ZMS^-2CQ° 

2 

^ = 2-2 4 

I* = "> ( 2'2W ^ 63>-43’.) 
- 2 24 i_ - 116- 5T 0 A 


V 
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8.66 Using nodal analysis, find I 0 in the circuit in Fig. P 8 . 66 . 



Figure P8.66 


SOLUTION: 



L Q°~~ ' V, -h \J 

i i n~ 

5V,- Vx = *o L l ?0° 

KCL cut Q ■ 

Vv L T C(£o°- V 2 
I ^7T 

- j I C V,- Vj ) - i I ( W20°) = Vx 

-j | V/ ■+ C UjO ^ <?o“ 


Chapter 8: AC Steady-State Analysis 


Prol 

























2 


Irwin, Basic Engineering Circuit Analysis, 9/E 


Simpo PDF Merge and Sp li t Unreg i stered Ve isiun - hllp://www.simpopdf.com 

3v, - v* - lo-iiyo 0 

-j IV, + C-l-KiOvk = W L 9o° 

V, = S-2 2 L - I 77'3° v 

V 2 - 0'5 5 £-56-J°V 

To = iL 

i 

?o = 3'22Z-mj° 

I 

To = 3 -2 2 ^-n> 2° A 
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8.68 Find V c in the network in Fig. P 8.68 using nodal analysis. 



SOLUTION: 



X, + 7, = 2Z0° 4 1 2 

-+ WZO °-V, _ 

i 2-tji 


V, -t Vi -t V, - 1220° 

2-) j 2 ^'jl ?'j' 

V, - 1-2) ZH^* 

1-65 Z-H- 


KCi cut Q '■ 

!zio° - V< 

2-jl 
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Problem 8.68 
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V, = U'21 /2l-2° V 


Tj - - 4-27/7I-.2 0 


Ij- 1-55 L -ll’S a A 


Vo = 2C >'55 4 - /i-? 6 ) 
Vo - ?•)/ ~23'S""v 


V 
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8.71 Use nodal analysis to find V c in the circuit in Fig. P8.71. 




-> 'A * ^ —. 


v, , v t -n 

M> = ^2-| 


n 3 - 


ytu>on XHbb 

& ( l4/3)j 

JUm. Vo = \jC *)- 4-'SL'30-2S 
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8.77 Use mesh analysis to find V 0 in the circuit shown in 
Fig. P8.77. 



Figure P8.77 


SOLUTION: 



1 , = I + Iv 3= T, 

ICVL '-Hift foojt.! 6£o°-jlT, 4j^l=0 

ji % - Ji( T,-V - 

| -jl T| 2 T I =€ *- QO 
KVL 9dqfat Aoof*'- 

ii t -jii = liiV5° 

-Jl C I,- Tj +21,.= <a^w5° 
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-J IX, + jll x = 640° 

-j2 I, -+(2-tj2jT 2 = (2445° 
- 1039 24/4 5-2(5°A 

^ = 2-25 -4 157-5°A 

Vo" 2(3- 25 Z.15-7-5 0 ,) 
V 0 = 6-5 L 15 7-5° 
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8.82 Using loop analysis, determine V 0 in the network in 
Fig. P8.82. 



SOLUTION: 



3= T, -T x 

KCL ’• 5* = T- 1 7, 

l/r 7,-1, 


KvL'• lUO* + I r-D -jOJ=° 


-(i, “ Ii) " j 1 Tj - It^lgcf 
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-% t C t-jO ij - naze? 

T, - WZO°A 

ll-jlj 2i = -t o' 

Tj. - 5aZ-'25°A 

Kv(_ : I (~l)~ jlTi+i^T l(7j)+Jl¥=0 

jlTi-h -f Ij ■4jl(’7 J ~T|) = 0 

(-i-jl) + f i-JO % t f lijij fj ■+ ^-T 4 =o 
f-l-jlj ( Hlo a )-t(l-jl) (5'£(>£i35°)f( /+j/)r 3 +2l H =0 
/ l-tjl) Ij + 2-lu, = 11-65 A/ S>'43* 

KCI • tJ-Zo° - Ij 

jj ~ - 2^/0° 

A 

(I4JIJ Tj +2 Tc, ~ 12 65 A I B- Ul° 

Tj - X^ - 2 Z 0° 

Tj = 5-21 A 

Tj, - X 21 ^"T-l 2“ A 
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\j 0 - b = 'Kl-ZlA-l'ii*) 
V D - 6W6 b-l-l 3°V 
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8.87 Find V 0 in the network in Fig. P8.87. 


a/qp a 
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SOLUTION: 


“/O'A 



|<c L cut d) '■ 2i a -WZo°+I, 


I 


2 


Vi ”1 - + V| -V?. 

I J -jl 


-J2 ~ -jl (^0°) 

Vj +C-I4ji) V^-jlV^- j l( 420°; 
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KCl GJtQ • I, = 1* +Ii 


= 


V 2 Z W ^2 
I J * 


vj ~V\ = -jl( J“V/ a 


V, -+J I W - ji v 3 -o 


kcl ou(3) 


+ WZo° - i 0 


Vl-v\ f VZ 0 0 - _Vx 
I I 

Vi - 2V 2 - WZ igo° 

v, "fC~i ’tJ*) Vi ~j 2 - wzqo 0 

V / + j / V1 - j I V} - O 


Vi - 2Vi = q^i?o c 


v, - 2'53 / /6 i-57°V 


V. = 5-3? Z-6 3-V3 0 v 

\7j = W Z.-S6^7°V 

Vo- V> 

V c r gZ.~36-?7°V 


w 

w 

w 



y 

u 






t 

t 
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8.88 Find \ 0 in the circuit in Fig. P8.88. 



SOLUTION: 



\<c l cut © '• 2 I„ -t I, + I* = o 

I* - .3ZL_ 

-jl 

2 f v, 1 t Vi-Vj. t y; = Q 

L-j' J i -ji 

IV, - jl( -f V, =0 

(3-jiJ V, t j/v, — o 
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Problem 8.88 
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\ 4 = I 'i Z_ 0 °v 

(l-jijv, +ji( nio°) — o 
v, = S-F L 7 >V°V 
k cl (U (S ; o°-0 

Vl~ Vi. 7 a £ -Vi j t 2 L? — O 

)2C0°- V3 ■+ 2 H yZ-l l'C°J 72 Z.o° - O 

V ? - 3D-? V 

Vo= V, 

Vj = 3o-y / p-96° V 


Problem 8.88 


Chapter 8: AC Steady-State Analysis 







1 


Irwin, Basic Engineering Circuit Analysis, 9/E 

Simpo PDF Morgo and Sp li t Unr e g i st e r e d V e r si on - http://www.s i mpopdf . com 

8.100 Use Thevenin’s theorem to find V c in the network in 
Fig. P8.I00. 



SOLUTION: 

-jl-4 





H 


v. 


Z TH = jlll-JI - j z(-Jl) 

jl-jl 

■2th " 2 -t ^0° _CL 
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( 12 Z/?o° + 124 45°) 
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8.101 Find \ a in Fig. P 8.101 using Thevenin's theorem. 

;1 n 



SOLUTION: 



Vj- Vx “I" Vqc~ V 2 - — ^ Zo° 

-Ji z 

V,_ -t f _JL_- J ^ Vi + Vcc - z /.o° 
-ji l Ji V i 

v, = -|fcA.o°v 

V ot - V, = / 2.^0° 
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Problem 8.101 
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Voc r \2£0°-h IUIZ0° 
V 0 c- ^l?0°V 



"Z-TH 


Z-J-^y G-O- 


v^- Wzi 


Zth 


mnO— 

ji- 0 - 




■+_ 

2J1 % Vo 


= (wz/ycf) 

[l-fjlto / 

v 0 = 2-6 Z 152-M 0 V 
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8.107 Find V c in the network in Fig. P 8.107 using Thevenin's 
theorem. 


12/0°V 



SOLUTION: 



KCL OUt 7)0dJL: 

2V X -t Tj-f % - O 

Vx " W 

t \7j_ ■+- - o 

I -Jl 

-J1V X - j ) +V^0 

-j lv, + C l-j2.)\4 - o 
\7,'\7j. - liLo° 
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V, = ? L V 


Vj. =■ 2 % l 1 61-5 7° V 




Voc - V 2- 

Voc- 2 ? ^K.I-51 °v 

I^O“V 



ov 

IX£o° -+ Tsc = ° 
l 

J 5C = IZX-lJo 0 A 

Z T rt = V oc. - 3 ? L I faj zil° 
Tsc 1 ^' *0° 

— _ Oil t-tz-'-tFJL 

*~TH 
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Vo~ 


I 


HjlfO*32Z-f S ,l /2° 


( 2 UI^\-S1°) 


Vo- >WZ/2l°V 
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8.108 Fmd the Thevenin’s equivalent for the network in 
Fig. P 8.108 at terminals A-B. 
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SOLUTION: 



kcL cut © : uc o° + I, + l 2 - 0 

\7|-Vi -t Vi - -HLo’ 

l J 1 

j 1 ( <f, -vi) + = JiCi/io 0 ) 

(ifji)v. -jiyL - ^-9o“ 

KCL Odr (D '■ %tT,~ 2.V> 
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V* = Voc - vj. 

V 0 , " Vi. 4 V|-~V^ = 2C Vo c _v l^ 

-jl 1 

V 0t ' _ J'( V ( -Vj.) = -j.C^Oc-^1 

-j |\7, 4 -(-I-j'0v 1 4 f 1+ji) Mdc = 0 

fccL cJlQ>: Jj~ 4^-0° 

Voc - V 1 = V°° 

-Jl 

—4 v 0c — 4 Z- 9 o° 

(l4 jlj Vi -jlV 2 - 4Z-9 o° 

-jl V, 4 f-l'jl) ^ +f i4ji)v 0 c = O 
- V 2 4 Joe - 4^-40° 
v, = 2 L \s& V 

V x - ?.qw ZJI6-Z ° V 

Voc" ^’66 Zll5°V 
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tea i t* - itj; 

f= %,-Ti 

kc L •• H - T* ■+ lie 

Iy — 420° ~ Tic 

kvu iCl) -j'iC-Ia) +JiCf t )*o 

T,'I, +jl(w^o*-Tjt) + J | 

A 

-T, -tOtjl) 1% -JlTic-WZ-qo* 

kcl ! 2-Vx -tlrc = Tj. 

Vx - -jl ( O'- T Sc ) 

-j 2 ( w^o°-T ic ) + t jc = r. 
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-I* .+ ( H-JJ.) = 


I, = W^O“A 


(H JI ) I L - ji I Sc ^ 5Z&/-WS' 

-I x +( l+Ji) Tsc = 


I, = 2‘53 Z 7 /■£ ° A 


T Sc = 2-5i Z l ?' M3° A 


TH 


: Voc — 


Sc 


2 - 53 , DZ'W' 


7-th “ 2-2W ^-116* 52°-Q- 
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8.114 Calculate the Thevenin equivalent impedance Zj h in the 
circuit shown in Fig. P 8 . 114 . 



SOLUTION: 


l/0°A 



kCL OJC @ : 110° - Ti + X x 

v>_ + » l£0° 

3 -jj 

-j I 1 - -jl( I Lo“) 

Vi f i-jO ' 3 /:-90° 

v t = 2-/ 2. V 

T - V, - 2- nL~^° -O-707Z.-W5°A 

-^2 —-' 

3 2 

3* = V x - 2 -0^707 £ms°A 
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kVL ■ V = Wi* t 3 

V = wf0 707 ^-^s °) iZ(l-01 l-^ 0 ) 

v = 35V ° v 

Z tm " X = 

T IZO" 

7 TH - 3’5W 
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8.115 Find the Thevenin equivalent for the network in 
Fig. P 8.115 at terminals A-B. 



SOLUTION: 



1= i^o“A 


T* = I- 12 <5° A 

KCL QJ:® : I, •+ T* = 5j_ 

2 I x -V, + l^°° - 

-, -j I 

■ji Ci(Uo°)- ViJ -ji 0^o°) - v / 
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V, fl-ji) 


V, 

— 

2 'll V 

v = v7, 

— 

2-12 V 

Nl 

II 

\7 

-= 2I2/^W5° 


T 


Wl 

rs 

r* 

II 

2.12 



)• 
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8.123 Use both a nodal analysis and a loop analysis, each in conjunction with 
MATLAB. to find I ( , in the network in Fig. P 8 . 123 . 




V,'\4 -+ 


VrV 4 -t 2. 

-Jl 



= ilsf 


-ji (v,-Vi) -t v,- -j)(uor) 


+j| Vj.-tC-1-ji) Vcp 

KCL a-1 © ’- ■+ Z l x — 


t a 

r.v*r 

II 

1 

1 u 

1 Jl 
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jl( V w -V 5 ) ■+ jiv^ = 
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8.126 The network in Fie. P8.126 operates at / =60 Hz. 

Use PSPICE to find the voltage V 0 . 
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**«* AC ANALYSIS 


FREQ VM($N_0004) VP($N_0004) 

6.000E+01 4.368E+00 1.018E+01 
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